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LETTER OF TRANSMITTAL 



December 7, 1918. 

To Honorable W. P. Hobby, Governor of Texas, Executive Office. 

Sie: I have the honor to transmit herewitlrthe Third Report of the 
Board of Water Engineers for the State of Texas, covering the biennium 
from September 1, 1916, to August 31, 1918. In this report the Board 
has given, with as minute detail as is practicable, a complete statement 
of the operations of this department, in the administration of the law, 
relating to the water resources of the State; in the measurement of 
stream flow; the determination of the duty of water in irrigation; the 
conservation and use of storm and flood water; the inspection of streams; 
the satisfactory settlement of all controversies relating to the distribution 
and use of all public waters; and the adjudication and determination 
of all existing claims of right in certain Texas streams. 

There is also embodied a complete statement of all expenditures, and 
recommendation of the appropriations deemed necessary to the success 
of this work during the next two fiscal years. It is the request of the 
Board that this report be printed. 

Respectfully submitted, 

W. T. Potter, 
Chairman of the Board. 
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Automatic Water Stage Recorder installed on Highway bridge across 
the Colorado River at Congress Avenue, Austin, Texas, main- 
tained by the Board of Water Engineers of Texas, the 
United States Geological Survey cooperating. 
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SOME UNITS OF MEASURE, WITH CONVENIENT 
EQUIVALENTS. 



1 cubic foot per second (c. f. s.) is the quantity of water which will 
flow through an area of one square foot, measured at right angles 
to the direction of flow, with an average velocity of one foot per 
second. 

1 acre-foot of water (a. ft.) is the quantity required to cover one acre 
to a depth of one foot. 

1 acre-inch of water (a. in.) is the quantity required to cover one acre 
one inch deep, and equals one-twelfth of an acre-foot. 

1 cubic foot per second= 1.98347 acre-feet per day of 24 hours (or, 
roughly, 1 c. f. s.=2 acre-feet per day) . 

1 cubic foofc=7.4805 U. S. gallons (roughly 7^ gallons). 

1 cubic foot per seeond=448.83 U. S. gallons per minute (or, roughly, 
1 e. f . s.=450 gals, per min.) . 

1 cubic foot per second— 1 acre-inch per hour (nearly). 

1 cubic foot per second for one year (365 days)— 724 acre-feet. 

1 cubic foot per second for one year will cover one square mile to a ' 
depth of 1.13125 feet, or 13.575 inches. 

1,000,000,000 (1 U. S. billion) cubic feet=ll,674 cubic feet per second 
for one day. 

1,000,000 U. S. gallons=3.07 acre-feet. 

1,000,000 U. S. gallons per day=1.55 cubic feet per second. 

1,000,000 cubic feet— 22.95 acre-feet. 

1 acre-foot=325,851 U. S. gaJlons= 271,472 Imperial gallons. 

1 acre-foot=43,560 cubic feet= 1,6 13.333 cubic yards. 

1 acre=43,560 square feet— 209 feet square (nearly). 

1 foot pound is the work required to raise one pound one foot vertically. 

1 horsepower=;550 foot pounds per second=3 3,000 foot pounds per 
minute. 

1 horsepower=746 watts. 

1 horsepower=l cubic foot per second of water falling 8.80 feet ver- 
tically. 

1J horsepower=l kilowatt. 

Assuming 80 per cent efficiency for a water wheel the net horsepower 
cu. ft. per see.Xfall in feet, 
of a stream— — £ t— — — ■ 



:<,*.-«! vGoO^lc 



Bepoht op Board op Water Engineers. 



For converting discharge in cubic feet per second into run-off in 
acre-feet the following table is useful : 





Discharge in cubic feet 
per iccond. 
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in Acre Feet foi— 
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PERSONNEL OF BOARD OP WATER ENGINEERS AND FIELD 
AND OFFICE FORCES. 



September 1, 1916, to August 31, 1917. 

*J. C. Nagle, Chairman, Water Division No. 2. . .College Station, Texas 
Term expires August 31, 1919. 

John Wilson, Water Division No. 1 El Paso, Texas 

Term expires August 31, 1917. 

2 E. B. Gore, Water Division No. 3 .Pharr, Texas 

Term expires August 31, 1921. 

W. T. Potter, Secretary of the Board El Paso, Texas 

T. W. Hudson, Stenographer Austin, Texas 

September 1, 1917, to August 31, 1918. 

W. T. Potter, Chairman, Water Division No. 1 El Paso, Texas 

Term expires August 31, 1923. 

*Rollen J. Windrow, Water Division No. 2 Waco, Texas 

Term expires August 31, 1919. 

•John A. Norris, Water Division No. 2 Wharton, Texas 

Term expires August 31, 1919. 

Charles S. Clark, Water Division No. 3 Donna, Texas 

Term expires August 31, 1921. 

James Hays Quarles, Secretary Waco, Texas 

( T. Reese Spence, Draftsman . . College Station, Texas 

John W. Pritchett, Draftsman Austin, Texas 

Paul Juergens, Stenographer Austin, Texas 

Miss Marie Cater, Stenographer Austin, Texas 

P. A. Hill, Janitor .Austin, Texas 

'Resigned September 1, 1917. 
'Resigned October 31, 1917. 
•Resigned May 20, 1918. 
•Appointed May 20, 1918. 
■Resigned July 1. 1B18. 
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STREAM MEASUREMENT INVESTIGATIONS. 
In cooperatioD with United States. Geological Survey Office in old Post- 
office Building, Austin. 



September 1, 1916, 



Glenn A. Gray, District Engineer. . . . 
'Wm. Kessler, Junior Engineer 

Russell J. Hank, Junior-Engineer. . . . 
s Edgar 0. Francisco, Junior Engineer. 

Edward P. Congdon, Junior Engineer. 

*R. C. Thaxton, Hydrographer 

* Victor Lieb, Hydrographer 

*W. C. Dodd, Special Field Assistant.. 

Miss Ethel Dykes, Under Clerk 

Mise Kate Casparis, Under Clerk 



August 31. 
..U. 
..U. 
..U. 



S. Geological 
S. Geological 

:eal 



8. Geological 
S. Geologi 
S. Geological 
S. Geolog 



ical 



. . U. S. Geological 



Survej 
Survey 
Survey 

Survey 
Survey 
Survey 

Survey 
Survey 
Survey 
Survey 



September 1, 1917, to August 31, 1918. 



"Glenn A. Gray, District Engineer 

Clarence E. McCashin, Engineer 

Harvey B. Kinnison, Assistant Engineer 

Russell J. Hank, Junior Engineer 

Edward P. Congdon, Junior Engineer... 

Andrew K. Gowans, Junior Classifier. . . 
«H. T. Dodd, Special Field Assistant. 

Miss Kate Casparis, Under Clerk... 



.U. S. 

.U. S. Geologi 
.U. S. Geologi 
-U. S. Geo] 



cal Survey 

Survey 

ical Survey 

:cal Survey 



.U. S. Geological Survey 



..U. S. Geologi 
.U. S. Geologi 



;cal Survey 
.cat Survey 



.U. S. Geological Survey 



'Transferred to Idaho, February 1, 1917. 
'Resigned August 31, 1917. 
■Resigned July 1, 1917. 
'Resigned July 15, 1917. 

'Since the close of the year August 31, 1918, Mr. Glenn A. Gray i 
ajid has been succeeded by Mr. C. E. Ellsworth as District Engineer. 
'Resigned August 28, 1918. 
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INVESTIGATIONS OF THE DUTY OP WATER IN IRRIGATION 
IN COOPERATION WITH U. S. DEPARTMENT 
OF AGRICULTURE. 
. Office Federal Building, SaD Antonio. 



September 1, 1916, to August 31, 1918 

W. L. Rockwell, Senior Irrigation Engineer San Antonio, Texas 

U. S. Office of Public Roads and Rural Engineering. 

J. L. Lochridge, Assistant Irrigation Engineer Mercedes, Texas 

A. F. Cadenhead, Assistant Irrigation Engineer Macdona, Texas 

J H. H. Kidder, Assistant Irrigation- Engineer Crystal City, Texas 

■J. D. Jones, Assistant Irrigation Engineer Plainview, Texas 

s Hepner Blackman, Clerical Assistant San Antonio, Texas 

C. M. Wellsford, Clerical Assistant San Antonio, Texas 
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Natural dam across the Guadalupe River at McQueeney, Texas, in 
lupe County. This dam is used by the Guadalupe Water 
Power Company. 
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HISTORICAL. 

The first General Irrigation Act which provided for the creation of 
a Board of Water Engineers for this State was passed by the Thirty- 
third Legislature at the Regular Session, 1913, and is more particularly 
described as Chapter 171, said Acts. 

Under the provisions of this Act the State of Texas is subdivided into 
three water divisions, the boundaries of these subdivisions having been 
somewhat modified by a subsequent Act, to which reference will be more 
specifically made hereinafter. These subdivisions were designated as 
Water Divisions numbers One, Two and Three. 

In pursuance with the requirements of the original Act, the Governor 
appointed Major John Wilson, member for Water Division No. 1 ; Mr, 
J. C. Nagle for Water Division No. % and Mr. E. B. Gore for Water 
Division No. 3; Mr. Nagle for the full term of six years; Mr. Wilson 
for four years and Mri Gore for two years. The length of terms of 
the respective members varying as stated, on account of the fact that 
the Act provided that the full term of the members of the Board should 
be six years, but the terms of -the members first appointed should be 
ftsed as hereinbefore indicated. 

The three members first appointed convened in the Capitol building 
at Austin, Texas, on September S, 1913, and perfected organization by 
electing Mr. J. C. Nagle Chairman and Mr. W. T. Potter Secretary. 
Office furniture and supplies, within the limits of the appropriation, were 
provided, a stenographer appointed, and the active work of executing the 
law was immediately begun. 

The work was carried on under the above indicated organization during 
the first two years, a full and complete statement of which will be found 
in the First and Second Reports (printed) of the Board of Water 
Engineers. 

At the expiration of his two-year term, Mr. E. B. Gore was re-ap- 
pointed from Water Division No. 3, for a term of six years, and Mr. 
W. T. Potter was re-elected Secretary. 

The work of the Board progressed harmoniously and effectively during 
its third year, a report of which may be found in the Second Report 
(printed) of the Board of Water Engineers. 

It is the purpose of this, the Third Report, to render a full and com- 
plete accounting of the work of the Board from September 1, 1916, to 
August 31, 1918. 

At the expiration of his fourth year's service, September 1, 1917, Mr. 
J. C. Nagle tendered his resignation to the Governor, and the term for 
which Major John Wilson had been appointed having expired, Mr. R. J. 
Windrow was on October 15, 1917, appointed to fill out the unexpired 
term of Mr. Nagle, and Mr. W. T. Potter was appointed member of the 
Board for Water Division No. 1. On October 31, 1917, Mr. E. B. Gore 
tendered his resignation as a member of the Board from Water Division 
No. 3, and on December 1, 1917, Mr. C. S. Clark of Donna, Texas, was 
appointed his successor for the unexpired term. 
Immediately after the appointment of Mr. Clark the Board was re- 
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organized. Mr. W. T. Potter was elected Chairman, and Colonel James 
Hays Queries of Waco, Texas, was elected Secretary. 

On May 1, 1918, Mr. R. J. Windrow tendered his resignation as a 
member of the Board, effective May 20, 1918, and Mr. John A. N/orris 
of Wharton, Texas, was appointed as his successor for the unexpired 
term. 

The amended Irrigation Act passed by the Thirty-fifth Legislature, 
regular session, Chapter 88, made the boundaries of the three Water 
Divisions as follows: 

Sec. 8. The State shall be and is hereby divided into three 
water divisions, as follows: 

All that portion of the State of Texas lying north of the 
thirtieth parallel, north latitude, and west of the one hun- 
dredth meridian west longitude, shall constitute Water Division 
No. 1. 

All that portion of the State of Texas lying east of the ninety- 
seventh meridian west longitude, and south of the thirtieth 
parallel north latitude, together with all that portion lying north 
of the thirtieth parallel north latitude and east of the one hun- 
dredth meridian west longitude, shall constitute Water Division 
No. 2. 

All that portion of the State of Texas not embraced in Water 
Division No. 1 or Water Division No. 2, as hereinbefore defined, 
shall constitute Water Division No. 3. 

EARLY SPANISH GRANTS. 

When it is considered that irrigation was practiced in Texas as early 
as, if not earlier than, in any other section of the United States, it is 
evident that development of this class of intensive cultivation has not 
been given attention and encouragement commensurate with its import- 
ance in economic agriculture. It is true that when lands were first 
irrigated in Texas, the territory now embraced within the boundaries 
of this commonwealth was not a part of the United States, yet the original 
Spanish owners set an example for the Americans who followed them, 
by which we have not profited to the extent that ought to have been 
expected. To learn of the beginning of irrigation in Texas we are de- 
pendent upon tradition, the provisions of the original Spanish grants of 
land, and the physical conditions in those sections of what is now Texas, 
where the old ditches are to be found. Very little has been written on 
the subject, and that which has been published has but touched it in 
"high spots," as the searcher after the facts could find an isolated in- 
stance for his record. Decided, evidence of irrigation ditches in the far 
western part of the State, about El Paso and in the Pecos country, is 
established; and in Water Supply Paper No. 13 (1898) of the United 
States Geological Survey, William Ferguson Hutson says: 

The Pueblo Indians say that these ditches (in the Pecos 
country) were made by the Yuma Indians, who were driven 
gradually westward by the Comanches and Apaches, finally 
settling in their present home on the Colorado River. On the 
Rio Grande below El Paso are several ditches, which are prob- 
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ably the oldest now in use in the United States. They were 
built by the Pueblo Indians, who, according to tradition, mi- 
grated to this place from New Mexico at a very early date, cer- 
tainly before the advent of the Spaniards under Coronado. 
This explorer mentions finding well-established systems of irri- 
gation among the Indians in this, vicinity in 1540, when he 
passed on his expedition northward. 
In and about the territory now occupied by the City of San Antonio, 
the original mission ditches were constructed by the Franciscan Fathers 
between the years 1716 and 1744. There were five of these. In 1730 
immigrants from the Canary Islands constructed another, and another 
was built much later under the superintendence of the governor, for 
the supply of the citizens of the town. From occasional writings it is 
learned that the lands were divided into suertes (suerte meaning luck 
or chance), each one containing the amount of land that could be irri- 
gated by the ditch during a given length of time, usually a day, but 
sometimes less. The assignments of suertes was always by lot. 

According to statements made in litigation in the higher courts of the 
State, grants were made by the Mexican government in and about San 
Antonio in 1824, the grant reading : 

In the name of the Mexican Nation, grants him one day of 
water with its corresponding labor of land. 
In the early days the pioneer settlers did not have modern pumps, 
turbines and engines of variously rated horsepower, as an aid in diverting 
the water from the stream and other sources of supply to lands which 
could not be reached by gravity ditches. But today these auxiliary ap- 
pliances are extensively utilized in the equipment of many of the diver- 
sion systems of this State. 

STATUTORY REGULATIONS. 

Texas delayed too long in giving statutory encouragement to irriga- 
tion. For many years the common law doctrine of riparian rights only 
was recognized, and he who looked with covetous eye upon the flowing 
stream that wasted into the reaches of the channel below or into the seas, 
hesitated to make the expenditure to appropriate it, because there was 
no statutory authority under which he could operate or would protect 
him against encroachment, interference or absolute loss. Laws which ■ 
were passed in 1875, first recognizing irrigation, ■ were not practicable 
and the same was true of the Acts of 1888. In 1895 a new Act was 
passed, but its application was in a sense sectional, as it recognized the 
need for irrigation only in certain parts of the State. Later laws were 
passed which provided a patch-work statute that was carried, into the 
Revised Acts of 1911. This Act, Title 73, provided that water could 
be appropriated by filing a declaration of intention with the County 
Clerk of the County in which the appropriation was to be made; but 
this was but an encouragement to him who sought to make excessive 
claims, and to be a dog-in-the-manger in refusing to abandon a claim 
to that which he could not use, and which might be of benefit to others. 
There was no supervision of the water resources, each county was a unit, 
and each individual declared his own desires and attempted to fix his 
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own rights, without regard to conditions above him or below him. Many 
individuals, associations, partnerships, corporations and towns, filed their 
appropriations under this law. Just as many more made the appropria- 
tions they desired without having complied with the formality the statute 
required. 

It was not until the Thirty-third Legislature took cognizance of the 
situation in 1913 that any provision waa made for the systematic super- 
vision of the water resources of the State. The statute enacted in that 
year created a State board of three members, and into its keeping as 
trustee gave the valuable water resources of the State, with instructions 
to supervise the division and distribution of the available supply among 
those who came first, who were prepared to construct works that would 
result in the highest beneficial use, who would prevent waste, who would 
conserve the storm and flood flow, and who would exercise the privileges 
of the appropriation and not let lie dormant a self asserted claim, thereby 
tending to stop another who would pledge his resources to its utilization. 
But in creating this supervising authority, the Legislature recognized 
those who had established their improvements along the rivers of Texas 
for mining, milling, manufacturing, irrigation, power, municipal supply 
and stockraising, and gave them the opportunity to perfect their claims 
by filing with the new department a certified copy of the declaration 
that had originally established them as legal appropriators. Those who 
had complied with the law came readily with their claims, but it was 
found that just as many had made no legal declaration. These, however, 
were given an opportunity to file their statements in the county records, 
and bring them to the new State Department, in the form of certified 
copies, and it was with these records that the Board of Water Engineers 
began its service to the State. So limited was authority granted under 
the original enabling Act that the Board could do little more than accept 
statements, but after three years of experience, and a close study of the 
powers and authority granted by other States, a most effective statute 
was enacted in 1917, by the Thirty-fifth Legislature, and under its opera- 
tion today irrigation is advancing in this State by leaps and bounds. 
Instead of the. diversion of water being earned on only in the semi-arid 
regions of the State, owners of land in most fertile counties of Texas, 
where rainfall is usually sufficient for all practical purposes, are utiliz- 
ing the natural resources that are available to their holdings, to protect 
them against a possible period of deficient moisture. 

Under the existing statute, Chapter 88, General Laws'of the Thirty- 
fifth Legislature, the Board of Water Engineers is' the trustee for the 
State of all the water resources. This Act provides : 

Section 1. Certain Waters Declared State Property. — The unowned 
and unappropriated waters of the ordinary flow and underflow and tides 
of every flowing river or natural stream, of all lakes, bays or arms of 
the Gulf of Mexico, collections of still water, and of the storm, flood 
or rain waters of every river or natural stream, canyon, ravine, depres- 
sion or watershed, within the State of Texas, are hereby declared to be 
the property of the State, and the right to the use thereof may be ac- 
quired by appropriation in the manner and for the uses and purposes 
hereinafter provided. 
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Section 2. Purposes for Which Storm, Flood or Rain Waters May 
Be Stored or Diverted. — The storm, flood or rain waters described in 
the preceding section may be held or stored by dams, in lakes or reser- 
voirs, or diverted by means of canals, ditches, intakes, pumping plants 
or other works, constructed by any person, corporation; association of 
persons or irrigation district created under the statutes, for the purpose 
of irrigation, mining, milling, manufacturing, the development of power, 
the construction and operation of waterworks for cities and towns, or 
for stockraising. 

Section 3. The Ordinary Flow and Underflow of Flowing Streams 
May Be Diverted, Etc. — The ordinary flow and underflow of the flowing 
water and tides of every natural river, or stream, within the State of 
Texas, may be taken or diverted from its natural channel by any of the 
persons named in the preceding section for any of the purposes stated 
therein; provided that such ordinary flow and underflow shall not be 
diverted to the prejudice of the vested rights of any riparian owner 
without his consent except after condemnation thereof in the manner 
hereinafter provided. The waters of any arm or inlet of the Gulf of 
Mexico, or of any salt water bay may be changed from salt to sweet or 
fresh water, and held or stored by dams, dikes or other structures and 
taken or diverted by any of the persons named in this section for any of 
the purposes Btated herein. 

Section 4. Purposes for Which Water May Be Appropriated. — The 
appropriation of water must be for irrigation, mining, milling, manu- 
facturing, the development of power, the. construction and operation of 
waterworks for cities and towns, or for stockraising. Provided, that so 
far as practicable and within the limits of the public welfare the water 
engineering board hereinafter created shall subordinate the appropria- 
tion of water for power to the appropriation of water for irrigation. 

Section 5. Priority of Appropriation. — As between appropriations, 
the first in time ie the first in right. * * * 

Subsequent to the passage of this Act, the right to divert and bene- 
ficially use water must be by the doctrine of appropriation. Every water 
privilege is a right which attaches to a defined area, and is as much an 
appurtenance to that specified tract of land, as the houses and barns con- 
structed upon it. Every legal appropriator, whether he claims under a 
filing under the old law or under a permit granted by the Board ia of 
record, and his right is in written words in well bound books and de- 
lineated upon maps that show the meanderings of the Btream. The 
"first in time is the first in right" declares the statute, and there is a 
chronological record in the -Department of the Board of Water Engineers 
that details a complete history of each legal appropriation, and the 
relation that each bears to every other on the same source of supply. 
Every legal appropriator has the right of appeal to the Board at any 
time he feels that his rights are infringed by another, and every such 
appeal is given consideration, and by careful and friendly inquiry, sup- 
ported by statutory authority, the Board frequently settles a controversy 
under pleasant conditions, when otherwise it might develop into a wrangle 
equal to that of the traditional "division fence." 
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district irrigation law. 

The District Irrigation Law (Chapter 87, General Laws, Thirty-fifth 
Legislature), is the statute under which districts are formed for the irri- 
gation of lands by voluntary taxation. Thia statute provides the method 
of organizing irrigation districts, and as the procedure is modeled after 
the statute under which independent school districts are organized, it 
is readily understood by every individual. While the Board has no 
control over or direction in the organization of such districts, the pro- 
cedure being purely local, originating in the commissioners court and 
carried out by those who have the right of suffrage as property owning 
taxpayers, yet the Department has an interest in all such districts and 
acts in an advisory capacity whenever those who wish to organize indicate 
their desire for assistance. After the district is organized all work of 
construction, and all diversion of water, is under statutory - authority, 
Chapter 88, General Laws, Thirty-fifth Legislature. This Department 
takes great interest in projects of this character, lends its aid in every 
way possible, and encourages those who thus strive to improve their 
agricultural or economic conditions. 

CONSERVATION OF FLOOD FLOW. 

One of the expressed -duties of the Board of Water Engineers is to 
encourage the conservation of the storm and flood waters of the State. 
Every watershed of Texas has its periodical floods. In some sections 
these floods occur several times in the same calendar year. In others 
the periods of unusual discharge are occasional and irregular. These 
flood waters, if unrestrained, pass into the Gulf where they are beyond 
reclaim for appropriation and beneficial use. In many sections these 
floods occur at a time when the excess water is not needed. ' The policy 
of the Board of Water Engineers is to encourage the people along these 
streams to construct dams and create storage reservoirs. In such reser- 
voirs, the flood water can be impounded, and held until it is needed 
for beneficial use upon nearby lands. The expense of storing water is 
the initial cost of the dam and reservoir, but the result pays a dividend 
in the end, because from year to year the dam owner has his supply when 
most he needs it, and finally .the cost per acre, foot of the water he has 
used, is negligible. A series of dams and reservoirs along the same stream 
will have a tendency to decrease the overflow problems and flood damage 
of those on the lower reaches of the river, as Buch reservoirs will hold 
enough of the storm flow to reduce the peak of the flood at every point. 
This conservation method also causes an increase in the normal flow of 
the stream, resulting in larger benefits to the general public 

Your attention is called to Section 37, Chapter 88, General Laws, 

Thirty-fifth Legislature, with the hope that you will bring this to the 

attention of the Legislature in order that some provision may be made 

to carry out the beneficial purposes therein outlined. This section reads : 

It shall he the duty of the Board to make or cause to he 

made measurements and calculations of the flow of streams 

from which water may be appropriated, as provided in this Act, 

commencing such work in those streams most used for irrigation 

or other beneficial uses; to collect data and make surveys; to 
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determine the most suitable location for constructing works to 
utilize the water of the State ; to ascertain the location and area 
of the lands best suited for irrigation ; to examine and survey 
reservoir sites; and wherever practicable, to make estimates of 
the cost of proposed irrigation works, and the improvement of 
reservoir sites. It shall be the duty of the Board to make itself 
conversant with the water courses of the State and of the needs 
of the State concerning irrigation matters, and the storage and 
conservation of the waters of the State for other purposes. The 
Board shall make biennial reports in writing to the Governor, 
in which shall be included the data and information collected 
by said Board, and in which shall be included such suggestions 
as to the amendment of existing laws and the enactment of 
new laws as the information and experience of the Board may 
suggest. The Board shall keep in its office full and proper 
records of its work, observations and calculations, all of which 
shall be the property of the State. 
While this provision has been a part of the irrigation statute since 
1913, former Legislatures have not made an appropriation to finance 
this work. It is very important to Texas that this Department have suf- 
ficient funds to make surveys and collect data on every stream in the 
State in order that suitable locations for reservoir sites may be desig- 
nated. The Board has been called upon frequently by the people of 
numerous watersheds in this State to do this class of work, but as no 
funds were available it was not possible to determine for them the bene- 
fits which were within their reach under proper engineering development. 
It is true that there are several large reservoir projects in contemplation 
in Texas ; some of these are being promoted by men who can command 
the funds necessary; others have been delayed since those who have 
found the place have been unable to underwrite the expense. It is 
admitted that work of this character is an expense that should be borne 
by the State, and not by individuals. The State can afford experi- 
mental projects and preliminary surveys in the matter of reservoir loca- 
tion, just as it can afford experimental work in laboratories and the 
agricultural experiment stations, because in the long run the State 
gets the final benefit of the aggregate result, while the benefit to indi- 
viduals is divided among a large number. The statutes declare that the 
"ordinary flow and underflow and tides of every flowing river or natural 
stream, of all lakes, bays or arms of the Gulf of Mexico, collections of 
still water, and the storm, flood or rain waters of every river or natural 
stream, canyon, ravine, depression or watershed within the State of 
Texas" to be the property of the State. If the ownership vests in the 
State, then it is the duty of the State to develop its valuable resources. 
Not only are these reservoir sites necessary for the storage of storm 
and flood water for irrigation so that production may increase, but they 
are necessary for towns and cities for municipal use and beneficial for 
the State in the development of water power. In its request for appro- 
priations for the fiscal year ending August 31, 1920, and August 31, 
1921, this Department is asking for ten thousand ($10,000.00) dollars 
for each year, in order that the provisions of Section 37 may be carried 
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out. We believe that the Legislature will recognize the force of this 
recommendation and will provide the funds necessary. 

stream measurement. 

On July 8, 1915, the Board of Water Engineers consummated an 
agreement with the United States Geological Survey, providing for co- 
operative investigations of the water resources of the State. 

The work of measuring the discharges of some of the streams of the 
State has been conducted, under this agreement, continuously, since 
September 1, 1915, said agreement having, by mutual consent, remained 
in full force and effect from year. to year. 

By the terms of this cooperative agreement, the State has received 
from the Federal Government, through the Water Resources Branch 
of the United States Geological Survey, for the Federal Government's 
fiscal year ending June 3, 1917, $4027.28; and for the year ending June 
30, 1918, $4222.53. On July 1, 1918, the Federal allotment of $4000.00 
for the fiscal year ending June 30, 1919, became available. 

The total expenditures from Federal funds in stream measurement 
work in Texas from September 1, 1916, to August 31, 1918, amount, 
in the aggregate, to $8249.81. . 

The United States Geological Survey, in addition to the cash allot- 
ment made for Texas work, has provided an office in the Federal build- 
ing at Austin; and to maintain the work, there has been furnished by the 
Federal Government office supplies, field equipment, office furniture and 
postage amounting to approximately $1000.00 per year, for which no 
charge against any cooperative fund has been made. 

The moBt important factor in all hydraulic investigations is the availa- 
ble water supply and the most economical use which can be made of the 
same. Although water supplies in some instances are obtained from 
underground sources, a majority of the needs in Texas is supplied by 
surface water, or the supply furnished by Nature's water courses. The 
yearly run-off of an area Taries greatly from season to season and year 
to year, consequently a study of this condition throughout a period of 
years is essential. 

The extreme drouth in Texas during the past two years has increased 
the demand for water to such an extent that it has become necessary to 
expand the scope of this investigation to the extreme limit of available 
funds. 

The purposes for which the results of this investigation are requisite, 
named in order of their recognized importance, are: Municipal supply; 
flood prevention; irrigation; and water power. 

Municipal supply: * 

The use of water .for municipal purposes is the highest application 
which can he made of it. The greatest number of human lives is 
dependent upon domestic consumption; consequently, precedence must 
be given municipal use ewer all other needs for water. Many cities and 
towns in the State of Texas are wholly dependent upon surface water, 
' furnished hy the streams, for their supply. The efficient operation of 
their systems depends upon the available supply, and their future develop- 
ment is regulated by the amounts available. Care must be taken to avoid 
the diversion of surface water in a drainage area to such an extent that 
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municipal use of same is unduly restricted. On the other hand, it must 
be borne in mind that lawful diversion of water for other needs must 
not be prevented when it is evident that an adequate supply exists for 
more than one, or for all purposes. 

Flood prevention: 

Nature's drainage system consists of a network of water courses which 
carry the surface water, and seepage through the earth, known as the 
underground supply. 

When an unusually heavy precipitation' occurs over a given area, the 
flow of the streams which drain this territory is usually increased. By 
repeatedly measuring this flow for the different stages and studying the 
attendant characteristics, the flow, when an extremely high stage is 
reached, can he closely approximated. Frequent sudden downpours of 
rain in a drainage cause extreme high stages to be attained, causing loss 
of life and property, on account of a lack of knowledge of the past per- 
formance of the stream, with which the work was connected. To pre- 
vent such recurring losses of life or property, or both, it is necessary 
that a constant and uninterrupted study of the characteristics of Texas 
streams be made during all periods of flow, especially during those of 
high water. 

Irrigation: 

Productions from the earth is one of the greatest means of creating 
wealth. The present world war iB teaching us that the chief means of 
obtaining the necessities of life from the earth is by fanning. It is 
necessary that sufficient water be applied to the soil, either through rain- 
fall or artificial means, to produce the maximum yield of the necessities. 
Through the application of scientific principles, it has been learned that 
specific amounts of water are required to grow the various kinds of crops 
on the different soils. Texas has the soil and knows its area and qualities 
from surveys and examinations. Therefore, to maintain the greatest 
efficiency and thus produce the maximum yield per acre, we must neces- 
sarily know what quantity of water is available for application to the 
land. Land in many instances under ordinary conditions has reached a 
certain return, but has been made to double and treble this amount by 
a judicious application of water. Evidence of ancient irrigation projects 
are well defined in all countries. From Paramelle, 1' Abbe; L'Art de 
Decouvrir les Sources, published first in 1856, we know that records of 
rainfall were kept and estimates of river discharges were made as far 
back as 1620. These early attempts were made because scientists then, 
as well as now, realized the importance attached to definite knowledge 
of stream flow. Stream-flow data are absolutely essential to the devel- 
opment of any irrigation project. The value of the land and the crops 
to be grown under irrigation cannot be estimated unless the quantities 
of available water are known, and considered in connection with fixed 
laws of nature. One of the main objects of gathering stream flow data iB 
to arrive at a definite knowledge of these quantities. This knowledge is 
of particular importance to a 'southern climate, and especially is thiB 
so in the State of Texas, where we have broad expanses of semi-arid 
lands, the reclamation of which is becoming more and more imperative 
each year. The recent drouth has plainly shown the value of irrigation 
in areas which heretofore have been cultivated without irrigation, and 
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it has developed the fact that irrigation facilities in areas only partially 
irrigated are a good factor of safety. 

The population of Texas is increasing at a rapid rate, and food being 
a chief source of maintenance of life, an increased demand for food pro- * 
duction will necessarily follow. The amount of land being a fixed 
quantity, it becomes necessary to increase its productiveness by a. con- 
servative application of avilable water supply through irrigation. Sum- 
marizing, it can he said that a large portion of the present and future 
wealth and progress of the State depends upon the gathering of stream- 
flow data. 

Water power: 

Water is Nature's greatest source of power, and power is one of the 
greatest means of development. The most vivid imagination would he 
taxed to its limit to picture the condition of the United States if all of 
the water power in this country were developed. All of the feasible water 
power in the country will eventually be developed, and Texas, represent- 
ing a comparatively large portion of the area of the United States, with 
many streams within its borders, will become a large (actor in this gi- 
gantic development of industry and creation of wealth. 

Our homes are lighted and heated with electricity, our food is prepared 
with electricity, our chief means of commercial intercourse are made 
possible by electricity, our industries are driven by electrical power, and 
a large portion of this electrical energy could be the direct conversion 
of water power if we would but make use of all the natural water power 
resources of the State. 

In considering water-power possibilities, the available water supply 
is the first factor which presents itself. Power is developed by an 
amount of water falling through a given space. Nature has provided 
for a more or less constant fall in streams, but it was not as consistent 
with the stream flow. Determinations must be made of this variable 
factor, and facts ascertained which will show the amount of water to be 
expected at a certain point for combination with the available fall to 
create power. A constant study of conditions and frequent measure- 
ments of the water discharged through channels of the river and streams 
is required to secure this knowledge. 

It is necessary that permanent gaging stations be selected along the 
water courses where measurements of the flow may be made and a con- 
tinuous record of the stream's action kept at these points. A continuous 
record is made necessary because of the fact that water power develop- 
ments are worth no more than the power developed through the lowest 
period of flow. Even though excessive amounts of power may be devel- 
oped at times, the maximum dependable load which the plant will carry 
is dependent entirely upon the low-water period. Stream-flow records 
during the higher stages are extremely valuable in designing the devel-, 
opment as a whole. 

The winter of 1917-1918 has taught us the lesson of non-preparedness. 
Had all the available water power in the State of Texas been developed 
to its fullest extent, there would have been a decided increase in the 
amount of coal which could have been released for many urgent needs. 
Coal which was consumed in producing the necessities to pursue our 
present war to a speedy and victorious end could have been used to add 
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to the production of arms and ammunition and to the comfort of our 
homes. In fact, had all of the available water power in this country 
been in use at the time of our entrance into this war, it is believed that 
there would have been no fuel shortage, and though our Bpeed of organiza- 
tion and preparation in the present crisis has far surpassed our greatest 
hopes, with the use of this vast natural resource, our progress would have 
been only short of a miracle. Why has this development never been 
made? One chief reason is that a systematic study of existing conditions 
was too long delayed in Texas and no accurate knowledge obtained hy 
the factors which control this development. 

With the accumulation of each year's record of stream-flow data will 
come a knowledge of conditions as they actually exist. On account of a 
. repetition of climatic conditions, stream flow in the future may be pre- 
dicted with reasonable accuracy by means of the record of the past. A 
record of the flow for the past years is therefore of inestimable value 
and absolutely essential to the progress and development of water-power 
possibilities in the State of Texas. 

AUTHORITY FOR STREAM MEASUREMENTS. 

Texas stream-flow data for the climatic years 1915 and 1916 have 
been published by the IT. S. Geological Survey in Water Supply Papers 
Nob. 408 and 438. The printing of these papers was done according to 
the cooperative agreement without cost to the stream-measurement fund. 
Data for subsequent years will be published in the regular Survey Water- 
Supply Papers as soon as they have been reviewed and compiled. 

METHODS OP STREAM FLOW DETERMINATION. 

Gaging stations for determining the total flow of a stream and its 
diurnal fluctuation require the use of certain instruments and equipment. 
They Bhould consist of : 

1. Instruments for determining the velocity of flowing water. 

2. Gages and bench marks for determining stage relative to a fixed 
datum. 

3. Structures from which discharge measurements are made. 

4. Structures to produce artificial control for regulation of relation 
between stage and discharge where natural control is ineffective. 

Although there are several types of instruments in existence for de- 
termining the velocity of flowing water, the small Price electric current 
meter (page 54) is essentially made up of a wheel, so arranged that when 
it is suspended in flowing water the pressure of the water against it 
causes it to revolve, and a recording device for indicating the number 
of revolutions of the wheel. Each meter is rated and the number of 
revolutions of the wheel represents a certain velocity of the moving water. 
When velocity determinations are made, the meter is either suspended 
from some form of cable and made to sink by means of lead weights, 
or it is suspended from a rod. Low-water measurements are usually 
made at a section suitable for wading, and determinations during the 
higher stages from a bridge or car and cable. 

STREAM-MEASUREMENT WORK ACCOMPLISHED. 

Nine gaging stations have been established during the two fiscal years 
and two have been discontinued, making a total of 42 stations in opera- 



36 Report op Board of Water Engineers. 

tion on August 31, 1918, or a net gain of seven stations during the period. 
Wine stations are equipped with automatic water-stage recorders, seven 
with chain gages, and 36 with vertical and inclined staff gages. Cables 
and carB for measuring high water flows have been installed at ten 
stations. 

Through the aid of private cooperation exceptionally good water-stage 
recorder installations have been made at Grandfalls, San Angelo, Waco, 
Austin, San Marcos, New Braunfels, and Cuero. (See illustrations 
herein.) Experience has taught that a- scientific instrument must be 
well housed and this fact, in conjunction with the high cost of material, 
has increased the cost of equipping stations with water-stage recorders. 
Although the approximate average cost of installing an automatic water- 
stage recorder station is $900.00, the maintenance cost is reduced in a . 
large measure, and a much more accurate and reliable record obtained. 
The average cost of installing a chain or staff gage is at present about 
one-tenth of that of a water-stage recorder, but the maintenance cost 
of such stations is nearly twice that of the station equipped with an 
automatic instrument, and the record obtained thereby cannot be com- 
pared in accuracy with that obtained by means of the water-stage 
recorder. It is, therefore, believed to be the best economy to equip nearly 
all gaging stations with water-stage recorders. The average combined 
cost of installation and maintenance per station for the two fiscal years 
has been $403.35 per year. 

Forty gage readers were employed during the year ending August 
31, 1917, at an average salary of $5.40 per month, and forty-three readers 
have been employed during the year ending August 31, 1918, at an 
average salary of $5.70 per month. 

Seven hundred and ninety-one discharge measurements were made at 
the regular gaging stations during the two-year period, and twenty-eight 
additional miscellaneous measurements were made at different points. 
An average of approximately ten discharge measurements were made at 
each station of twelve months' record. 

An evaporation station has been maintained at Hill's ranch near Austin 
for the purpose of determining the amount of water lost by evaporation 
from a water surface. This station is maintained in cooperation with 
the United States Weather Bureau which furnished meteorological in- 
'struments and other miscellaneous equipment. The average cost for 
observer's salary at this station has been $12.00 per month with a small' 
annual maintenance cost not to exceed $15.00. 

Developed Water-Pouter: 

Texas is fortunate in having many sites along its water courses where 
the water has been harnessed and power developed. Although Guadalupe 
River is without doubt the most important of Texas streams for water- 
power value, many additional developments have been made along other 
streams, the more important being Colorado, San Saba, Llano, San 
Marcos and San Antonio. 

. Data showing the developments at each point have been collected 
and compiled in a manner suitable for the use of the State and Federal 
Governments. These data have recently been especially valuable to the 
Fuel Administration in its study of fuel conservation. The following 
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data have been collected for each development either through a personal 
visit to the plant or by means of correspondence : 

1. Name of stream on which power is located. 

2. To what large river is this stream tributary? 

3. Location of point of diversion, above or below what tributaries? 

4. Name of mill or power station. 

5. Name and address of owner or operator. 

6. Have any records of height of water been kept? 

7. What discharge measurements have been made in this locality? 
By Whom? 

8. Approximate working capacity (horsepower). 

9. Use to which power is applied. 

10. Market price of power in this locality. 

11. Method of supplying water to wheels (canal or flume, pipe line, 
etc.) . 

13. Operating capacity of canal or pipe line. 

13. Pondage (approximate area, range of head, capacity, Dashboard). 

14. Total operating head forebay to teilrace. 

15. Water wheels (kind, maker, size, gate opening, rated power, and 
revolutions) . 

16. Water wheel governors (automatic or otherwise, make). 

17. Generators (make, type, revolutions, capacity, voltage, phase and 
cycles) . 

18. Transmission lines (location, length, number of circuits, kind of 
poles or towers, and location of market) . 

19. Hours per day plant runs. 

20. 'Auxiliary power. 

21. Portion of flow of stream plant is entitled to. 

22. What part of year is water-supply sufficient?. 

Stream-flow stations are located along these important water courses, 
and visits to the plants were made in connection with the regular visits 
to the gaging stations, consequently these data have been collected with 
practically no expense. ■ 

Undeveloped water-power: 

The increased demand for fuel has caused a preliminary examination 
to be made of many available undeveloped water-power sites, not only 
to relieve the present condition caused by the war but to compile certain 
valuable data which will aid in developing the unused power after the 
war is ended. It is a known fact that there are many undeveloped water- 
power sites in Texas which should be developed as soon as conditions per- 
mit. If these resources are made available, Texas will then be doing 
its share of the most necessary war. conservation work. 

It has been recognized for many years that preliminary data were 
necessary for the study of power possibilities, but only recently has an 
organized effort been made to collect and compile these most valuable 
data. If an area is being searched for power sites, it is of great assist- 
ance to have at hand data which have been collected for the purpose of 
showing the location and size in a preliminary way of such possibilities. 
The data compiled is only intended to show the location and size of sites 
and simply paves the way for a more detailed examination of conditions. 

This work has been carried on in connection with the regular stream- 
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measurement work on account of its close relation thereto, and the ex- 
pense of collecting these data has been very small. Considerable data 
have been collected through correspondence with surveyors, engineers 
and men of prominence in commercial and industrial life. 

Special forms have been prepared for the work and data for each possi- 
bility have either been listed on the form, or compiled on sheets which 
are attached to the same. So far as is possible the following data are 
collected : 

1. Name of stream for which water is to be used. 

2. To what river is this stream tributary ? 

3. Location of power site, above or below what tributaries? 

4. Head in feet. 

5. Average flow of stream for three low-water months. 

„ „ ' HeadXdiechargeX62.5X.70 

6. Capacity — 

7. Storage possibilities. - 

8. Type of possible development and information, if available con- 
cerning structures needed. 

9. Market (location and character). 

10. Activities toward development. 

11. Names and addresses and references to reports of engineers who 
have reported on site. 

Gazetteer of Texas Streams: 

During the past two years a gazetteer of Texas streams has been pre- 
pared and at present the manuscript is in shape for the printer. Streams, 
lakes, and ponds of Texas have been arranged by name, alphabetically, 
and a description prepared of each stream showing the county or counties 
in which it is located, location of its headwaters, direction of flow, length, 
the location of the point at which it empties into another stream or body 
of water, and the developments made along its course with statements 
showing topographical and geological conditions. Lakes and ponds have 
been described and their location and size given where possible. 

In every ease the descriptions were based on available maps, and the 
accuracy, therefore, depends upon that of the maps. Descriptions of 
streams in central part of Texas, adjacent to Rio Grande above Brewster 
' County, parts of Bowie, Cass, Burleson, Brazos, Grimes, Washington 
and Harris Counties were compiled by means of topographic maps made 
by the United States Geological Survey and are of a good degree of ac- 
curacy. In areas not covered by Survey topographic maps, the descrip- 
tions were prepared by means of State of Texas county maps, and Post 
Route Map of Texas. In many instances a contour map of Texas pre- 
pared in 1899 by Robert T. Hill, was consulted, as well as maps com- 
piled by private survey, engineering corporations, State Board of Water 
Engineers, and International Boundary Commission. An effort has been 
made to eliminate errors where practicable by personal reconnaissance. 

Plans have been made to publish a list and description of developed 
and undeveloped water power of Texas with the Gazetteer of TexaB 
Streams. Such a report will be of the usual size and approximately two 
inches in thickness and will contain data which will aid very materially 
in Texas development. These data have been compiled by engineers 
when the field work in connection with stream measurements did not 
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require their attention. The finished gazetteer will be edited and printed 
by the United States Geological Survey without cost to the funds allotted 
to Texas for stream-measurement work. 

Drainage areas: 

Drainage areas of streams are essential in many instances in making 
a study of the run-off of a certain basin or catchment. Although the 
run-off per unit of area in a basin is greatly affected by diversions made 
therein, there are drainages in Texas which are not affected and may be 
used for study. Certain types of hydraulic investigations are almost 
entirely dependent upon the relation between run-off and rainfall, and 
to determine such a relation it is necessary that the drainage area be 
known. 

Drainage area boundaries were determined from available United 
States Geological Survey topographic maps and the Robert T. Hill 
contour map of Texas. These boundaries were then transferred to the 
Post Route Map of Texas and the areas within the boundaries were 
determined by polar planimeter. The total areas of the major basins 
in the State were adjusted slightly to equal the total official area of the 
State, and the same percentage of adjustment applied to the minor basins 
comprising the major. 

The final drainage areas which were determined above each gaging 
station are pnblished in the station description of each gaging station 
as shown in the Water-Supply Papers of the United States Geological 
Survey. 

GAGING STATIONS AND OBSERVERS IN TEXAS. 

In cooperation with the United State Geological Survey, through the 
Austin District Office, the Board of Water Engineers conducts stream- 
measurement work and maintains gaging stations in many places in 
Texas for the constant observation of the flow of several streams. 

The following stations were being maintained at the close of the fiscal 
year which ended August 31, 1918: 



Location. 


Gage Observer. 


Barton Creek at Austin . *. . 


U. S Ceoloaical Survey 




L. W. boyett 












Colorado River at BaUir.aer 

Colorado River near Chmiwirk .. 


A 1 Vuelkei 
A (i WaUfr 
M M. Berry 
lj S Gr^lDBical Survey 

1'. [■' IV vn'* 






•Concho River near San Anaelo . 




Frio River near Debby 


1- 1 WdlicHham 














•Guadalupe River below Cuero. . 

Little River at Cameron . 

Llano River near Junction. .. 


\. It OwaiH 
T. A. Crawford 
T. L Sparkman 






Nueces River near Cinuoia . . 


Ed. Walker 
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Automatic Water Stage Recorder installed on the San Marcos River,' o: 
and one-half miles below San Marcos on the San Marcos and Martin- 
dale Road, maintained by the Board of Water Engineers of 
Texas, the United States Geological Survey cooperating. 



STREAM GAGING DEVICE. 

Cable and car on the Llano River near Junction, Torus, from which stream 

discharge measurements are made by the Board of Water Engineers of 

the State of Texas, United States Geological Survey cooperating. 
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Location. 


Gage Observer. 








He.jrv W'HUr.er 
C N. Davu 
R R D.rkson 
11 R. Dickson 


Pecan Bayou at Brownwood 

Pecos River at Carlsbad . . 

•Pecos River near Angers 


















San Antonio River at Sh;. V : ..;io 


G. H Cumberland 


San Pedro Creek at Sau Amooio . 


G ri.CumhMland. 
Ashley F, Wilson 




West Fork of Trinity River nt Undseiwrt 


1 1 HyrM 



Unpublished detailed information on these stations or copies of the 
United States Geological Survey Water-Supply Papers N"os. 408 and 
438 containing data for climatic years 1915 and 1916 may be secured 
from the Board of Water Engineers or the United States Geological 
Survey, Federal Building, Austin, Texas. It data are required subse- 
quent to 1916, the Bame will be freely given upon application. 

DETERMINATION OP DUTY OP WATER. 

Realizing the desirability and necessity of conducting a systematic and 
thorough system of investigation in a determination of the duty of water 
in producing crops in Texas, which necessarily included a study of the 
movement of water in soils as applied in irrigation, the Board of Water 
Engineers considered it expedient to join hands with the Office of Public 
Roads and Rural Engineering (now the Bureau of Public Eoads) of the 
United States Department of Agriculture in conducting such investiga- 
tions. 

During the summer of 1915 the Board of Water Engineers indicated 
to the Federal Department its desire to learn more definitely than was 
then known the actual amount of water required to produce maximum 
net returns from crops on the various types of soils and under the vary- 
ing climatic' conditions existing in the State, and the Federal Department 
entered into a cooperative agreement with the Board of Water Engineers. 
This has been continued from year to year. The available funds for 
the investigations, however, have been increased. The cooperative agree- 
ment having been signed, the next question to settle was where to begin 
work, since, with the limited funds available, it was deemed inexpedient 
to attempt work the first season at more than one point. 

Between Mission and Brownsville, in the Lower Rio Grande Valley, 
there are perhaps upwards of 300,000 acres under irrigation. Several 
millions of dollars have been invested in pumping equipment, canal 
structures, and earth-work. This district, excluding the rice field?, in- 
cludes the largest irrigation development in the State. For this reason, 
and inasmuch as the Office of Public Roads and Rural Engineering had 
been conducting experiments in the Lower Rio Grande Valley for a 
number of years, it was agreed to begin work there. The Federal De- 
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partment, after much investigation and consideration, had selected the 
Mercedes tract as the best suited for the work, and the parties to the 
agreement joined hands there. 

Previous to the signing of the cooperative agreement, the American Bio 
Grande Land and Irrigation Company, through Mr. F. H. Price, its Pres- 
ident, and Mr. F. W. Shaw, its Chief Engineer and General Manager, had 
generously extended to the Federal Department the privilege of selecting 
a site for a station from any of its holdings, and a selection of 31 acres 
was made. This was accepted October S8, 1915, on the part of the 
Board of Water Engineers by Mr. E. B. Gore, one of its members, and a 
three-year lease with the privilege of extension was obtained. The sta- 
tion is situated on the north bank of the Arroyo Colorado, about 1000 
feet weBt of the main canal of the American Bio Grande Land. and 
Irrigation Company. It comprises Lot No. 13, Block No. 67, or such 
portion of that tract as lies north of the Arroyo Colorado, and the west 
1,7 acres of Lot No. 14, Block No. 67. The soil of Lot No. 13 consists 
of a light colored sandy loam, underlaid at from two to ten feet with 
a yellowish sandy loam of even texture, the Brennan fine sandy loam of 
the Bureau of- Soils. This type of soil extends over many thousand acres 
of the Valley, lying in large part north of the St. Louis, Brownsville 
and Mexico Railway, west from Mercedes, much of the area being known 
as "second lift" lands. 

The west half of Lot No. 14 consists of what is classified by the Bureau 
of Soils as Laredo clay. It is a dark colored rather heavy clay to clay 
loam, underlaid at four feet by a sandy clay, below which lies for several 
feet a yellowish clay. There is a very large acreage of this type distrib- 
uted between the river and "second lift" lands from Mission to Browns- 
ville. Immediately across the Arroyo Colorado, the soil is of a medium 
clay type, light gray to brown, known as Laredo silt loam. This is a 
medium clay, of which there is a large area in the Valley. Permission 
has been granted to work in this soil also. 

These three types include the larger area of the Valley. Thus it will 
be noted that within working distance of the station, all the principal 
types of soil of the Valley may be investigated. 

Mr. F. W. Shaw, representing the American Rio Grande Land and 
Irrigation Company, in order to further the purposes of the investiga- 
tion, agreed to furnish the land, rent free, and sufficient water for the 
irrigation of the tract, and to build the main farm laterals, assist in 
leveling the plat surfaces, and repair the farm house and repaint it. 
By November 12, 1915, the station and yard fences were built and 
equipped and there set up. 

In December, 1917, station work was begun at the Nueces Station, 
Crystal City, Zavalla County, Texas, and continued for about one year. 
At the close of the summer season, this station was moved to the Mont- 
gomery Ranch on the Medina River, a two-year contract having been 
entered into with Mr. W. T. Montgomery, who contracts to furnish land 
and water for the investigation, as well as provide labor for the prepara- 
tion of ground and cultivation of the crops. 

In April, 1918, a similar contract was entered into between the Board 
of Water Engineers and the Texas Land and Development Company 
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at Plainview, Texas, for the purpose of extending the investigations to 
the South Plains. Operations at these stations are dot in progress. 

During the onion season of 1916 and 1917, a study was made at 
Laredo, Texas, of the use of water in growing Bermuda onions. The 
water applied by the grower was measured, soil samples were taken to 
learn the penetration, and the crop produced measured. Prof. F. W. 
Mally, Farm Demonstrator for Webb County, cooperated in this work. 
It may be stated here that water is more economically handled, and with 
less waste in irrigation at Laredo, than in any other section of Texas. 

In one field on Laredo silt loam, a light gray soil, 347 crates of oniona 
were produced, 9.27 inches of moisture being used. In a second field, 
8.23 inches of water produced 360 crates. In a third field, 9 inches of 
water produced 369 crates, and in a fourth field, 32.35 inches produced 
775 crates. The large returns' from the last field are partly due to the 
use of fertilizer. From close observation of the crop during growth, 
and from knowledge gained by investigations of the movement of water 
in this soil, it is believed that a large per cent of the heavy applications 
— 4 inches — used during bulbing was lost by percolation. In this type 
of soil, it is believed that, for shallow rooting plants, all excess applied 
over two inches is lost, 

MOVEMENT OF WATER IN SOILS. 

A study of the duty of water in irrigation would, in no wise, be com- 
plete without at the same time learning what becomes of the water ap- 
plied. Its final disposition, under ordinary conditions, is through four 
channels. By capillary action a portion is brought to the surface and 
evaporated into the air; by the combined influence of capillarity and 
gravity a portion passes by percolation to the subsoil beyond the reach 
of plant roots ; a varying percentage is taken up by plants, and utilized 
in their development ; and the balance remains in the soil as free, adab- 
sorbed and hygroscopic moisture. The quantity which escapes by evap- 
oration is dependent upon the percentage in the surface soil, the weather 
conditions, and the thoroughness of surface culture. The loss by percola- 
tion is dependent upon whether or not a larger quantity is applied than 
can be retained by a soil, which includes the time interval between irri- 
gations, as well as depth of water applied per irrigation. The moisture 
retaining capacity of soils has a wide range. Broadly speaking, the 
finer the soil grains, the larger the capacity. Clay loam has a larger 
capacity than sandy Boils, but sandy soils hold a larger percentage of 
free water than the clays. The presence of a large percentage of vegeta- 
ble matter increases the moisture capacity of soils as well as improves 
their drainage. The percentage of the quantity applied used by the 
plants is dependent upon the method of application, rate of application, 
and the quantity applied at each irrigation, as well as the physical con- 
dition of the soil, which latter state, in large degree, determines the 
root spread or feeding area of the plants. The quantity applied should 
not greatly exceed the capacity of the soil within the feeding area of the 
plant. The time interval between irrigations should be regulated so as 
to maintain as nearly as possible the optimum moisture content in the 
soil. The method of distribution should be that which will allow the 
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most unifonn spread of water — an equilibrium of moisture in the root- 
ing area. The quantity of free moisture left is regulated by the optimum 
quantity of water required by the crop grown, while the adabsorbed and 
hygroscopic moisture are perhaps arbitrary quantities which may, and 
should be determined, but cannot be regulated by artificial means. 

The loss by evaporation from soils is being tested by experiments with 
the different soil types. Following irrigation, when there is from 25 to 
45 per cent of moisture in the surface foot of soil, the indicated loss ap- 
pears to vary from 3 to 4 per cent in 24 hours. This is affected by 
direction and intensity of wind currents, percentage of moisture in the 
air, and temperature of the air. 

The moisture content decreases rapidly, until it reaches a point when 
that of the air and soil appear nearly balanced, after which time they 
give and take until water is again applied. 

A study is being made of the movement of water in four characteristic 
soils of Southwest Texas, the Laredo loam, Brennan fine sandy loam, 
Laredo clay, and Laredo silty clay. Fifty-seven experiments have been 
made. Soil samples were taken each foot in depth from 6 to 13 feet, 
and at each foot laterally across the plat. After taking a set of samples, 
water was applied in depths varying from 3 to 6 inches, the water applied 
in furrows 3, 4 or 6 feet apart, or by flooding. After irrigation, the 
Brennan fine sandy loam soil was sampled each 34 hours for 5 days, and 
the Laredo clay, and Laredo silty clay each 34 hours for 5 days, and 10, 
20 and 30 days after irrigation. The quantity of water in each sample 
was determined by drying and weighing. All percentages are based on 
the dry weight of the soil, this having been determined by tests. Then 
the pereeritages were carefully calculated, and platted for study. 

The detailed tables exemplifying this phase of the Board's work are 
on file in the office, but are too voluminous to be reproduced in a report 
of this character. It is the purpose of the Board, at a later date, to 
supply these details in bulletin form, 

DETERMINATION OF WATER RIGHTS. 

In the Act passed by the Thirty-fifth Legislature, in 1917, authority 
was given the Board of Water Engineers to conduct proceedings on peti- 
tion of one or more water users op the same source of supply, to deter- 
mine the relative rights of all claimants on that stream and its tribu- 
taries. 

This feature of the statute is very necessary because of the conditions 
that are affected by the claims of those who made their appropriations 
under the catch-as-catch-can system that existed prior to the creation 
of the Department. Two such petitions have been filed with the Board, 
one asking for the adjudication of the water rights on the Colorado 
Eiver and its tributaries, including the San Saba, the Llano, and the 
Concho Rivers, and the other for the adjudication of the claims along 
the Pecos Eiver and its tributaries. The proceeding relative to the 
Colorado River was instituted in February, 1918, and is still in progress. 
Nearly six hundred claims have been filed by the appropriators along 
the four rivers mentioned. These claims are being segregated, each 
given its proper value as a vested right, and on final determination will 
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be declared for its full value as the record and the law applicable thereto 
define it. The proceeding affecting the Pecos began in June, 1918, and 
is yet in progress. 

In these proceedings there appear many claims that are asserted to 
have been many years in existence. Some of these show instances where 
the claimant has declared his intention to use a quantity of water far in 
excess of the amount that flows in the stream available to him; many seek 
to establish claim to water for acreage far in excess of the area that has 
at any time been irrigated. It is to adjust these and declare their 
rights, as well as the priority of each, relative to other claimants, that the 
proceeding is necessary. 

In the consideration of the claims on the Colorado River, the Board 
held public hearings as follows: 

February 4, 1918, to February 14, 1918, at Bay City, Texas, in Mata- 
gorda County. 

February 14, 1918, to February 18, 1918, at Wharton, Texas, in 
Wharton County. 

February 19, 1918, at Columbus, Texas, in Colorado County. 

February 20, 1918, at La Grange, Texas, in Fayette County. 

February 21, 1918, at Bastrop, Texas, in Bastrop County. 

February 22, 1918, to February 25, 1918, at Austin, Texas, in Travis 
County. 

February 26, 1918, at Burnet, Texas, in Burnet County. 

February 26, 1918, at Llano, Texas, in Llano County. 

February 28, 1918, at Lampasas, Texas, in Lampasas County. 

March 2, 1918, to March 9, 1918, at San Saba, Texas, in San Saba 
County. 

March 11, 1918, at Brady, Texas, in McCulloch County. 

March 12, 1918, to March 14, 1918, at Menard, Texas, in Menard 
County. 

March 15, 1918, to March 19, 1918, at Junction, Texas, in Kimble 
County. 

March 21, 1918, to March 23, 1918,. at Brownwood, Texas, in Brown 
County. 

March 25, 1918, at Goldthwaite, Texas, in Mills County. 

March 27, 1918, at Coleman, Texas, in Coleman County. 

March 27, 1918, to March 30, 1918, at Ballinger, Texas, in Runnels 
County. 

April 1, 1918, at Paint Rock, Texas, in Concho County. 

April 2, 1918, to April 6, 1918, at San Angelo, Texas, in Tom Green 
County. 

April 10, 1918, to April 11, 1918, at Sherwood, Texas, in Irion County! 

April 12, 1918, at Eldorado, Texas, in Schleicher County. 

April 13, 1918, to April 15, 1918, at Sterling City, Texas, in Sterling 
County. 

April 15, 1918, at Sonora, Texas, in Sutton County. 

April 16, 1918, at Colorado City, in Mitchell County. 

April 17, 1918, at Snyder, Texas, in Scurry County. 

In the consideration of the claims on the Pecos River, the Board held 
public hearings as follows: 

June 24, 1918, to June 25, 1918, at Barstow, Texas, in Ward County. 
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June 34> 1918, at Odessa, Texas, in Ector County. 
* June 26, 1918, to June 29, 1918, at Pecos, Texas, in Reeves County. 

July 1, 2 and 3, 1918, at Fort Stockton, Texas, in Pecos County. 

July 5, 1918, at Ozona, Texas, in Crockett County. 

July 5, 1918, at Alpine, Texas, in Brewster County. 

July 6, 1918, at Fort Davis, Texas, in Jeff Davis County. 

July 7, 1918, at Sanderson, Texas, in Terrell County. 

July 8, 1918, at Del Rio, Texas, in Val Verde County. 

The proceedings to adjudicate and make a determination of the water 
rights on streams or other sources of supply being a novel one in Texas, 
the Board deemed it the part of wisdom to invoke an opinion from the 
Attorney General's Department relative to methods of procedure and the 
scope of the Board's jurisdiction. In response to such invocation, said 
Department rendered an elaborate and comprehensive opinion on Jan- ■ 
uary 29, 1918, as follows, to wit: 

IRRIGATION — ADJUDICATION OP WATER RIGHTS — COSTS. 

Act of March 19, 1917. 

Contests provided for .by Sections 114 and 115 of the Irrigation Act 
of 1917 should not be heard at the time of taking testimony, Under Sec- 
tions 106 and 110, hut should be filed after the completion of the taking 
of the testimony and after all the evidence has been placed on inspection 
under Section 111 and should he heard after notice of the contest as 
provided by Section 114. All contests should he heard before the making 
of the final order of adjudication under Section 118. 

While Section 112 and other Sections authorize the Board to make 
various expenditures in the course of the adjudication of water rights, 
such expenditures to be paid out of appropriation for that purpose, and 
Section 113 directs that money so expended shall be charged as costs and 
paid into the State Treasury when collected, no method is provided in 
the Act for the collection of such costs. 

ATTORNEY GENERAL'S DEPARTMENT. 

January 29, 1918. 
Hon. W. T. Potter, Chairman, Board of Water Engineers, Capitol. 

Dear Sir: In your letter of January 34 to the Attorney General 
you refer to Sections 105 to 129 of the Irrigation Act of 1917, which 
relate to the adjudication by the Board of Water Engineers of the 
relative rights of the various claimants to the waters of the streams of 
the State, and you desire to be advised whether the contests, which may 
be filed under Section 114, should be filed' and considered at the time 
of the taking of testimony by the Board under Section 106, or Bhould 
he considered by the Board at the time of the final adjudication under 
Section 112. 

The sections of the Irrigation Act above referred to outline an elaborate 
and expensive, but at the same time an orderly plan for the adjudication 
of all the water rights on the streams of the State. It evidently is the 
purpose of the Act that the Board of Water Engineers shall finally, after 
full hearings and investigations, determine and adjudicate the relative 
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■water rights of all claimants on all the public streams of the State. 
Any one or more water users may file a petition requesting the determina- 
tion of the relative rights of the various claimants to the waters of any 
public stream of the State. (See Section 105.) When this has been 
done, the Board is required to prepare and publish a notice, giving the 
place and time when the taking of the testimony as to the rights of the 
parties claiming water shall begin. Testimony must be taken in each 
county through which the stream flows. (See Section 106.) In addi- 
tion to the published notice, the Board is required to send a notice by 
registered mail to every person or corporation shown by the records of 
the Board to be a user or claimant to the use of the water upon the 
stream, which notice shall state the date when the Board will take the 
testimony in the county of the claimant's residence. (See Section 107.) 

Section 110 directs that the Board shall take the testimony in the 
different counties on the date named in the notices. By Section 111 
it is provided that "upon the completion of the taking of testimony" the 
Board shall give notice, by registered mail to the various claimants that 
at the time and place named in the notice "all of said evidence shall be 
open to inspection of the various claimants." This section directs that 
the Board shall keep such evidence open for inspection for such lengths 
of time as, in the opinion of the Board, shall be necessary to permit 
anyone interested to examine the same. By Section 114 any person or 
corporation claiming any Interest in the stream is given the right to 
contest "any of the rights of the persons who have submitted evidence 
as aforesaid." The person desiring to make such contest shall file written 
notice with the Board of Water Engineers stating the grounds of his 
contest, etc., which written notice shall he filed "within thirty days after 
the expiration of the period as fixed in the notice for public inspection." 
When any such contest has been filed, the Board is required to notify 
the person or persons whose rights are contested and to hear the contest 
by taking the evidence, etc. (See Section 115.) 

Section 116 directs that upon the expiration of the period for which 
the evidence is kept for inspection, "the evidence in the original hearing 
before the Board of Water Engineers, or any member or members thereof, 
together with the evidence taken in all contests, if any, shall be trans- 
mitted to the office of the Board of Water Engineers." By Section 118 
it is provided that as soon as practicable after the compilation of the 
data, and the filing of the evidence in the office of the Board, it shall 
make and enter of record the "findings of fact and its order of determina- 
tion, determining and establishing the several rights to the waters of 
said stream." This is the final judgment of the Board, and by later sec- 
tions of the Act it is made conclusive on all persons, unless an appeal is 
taken from the findings to the District Court, as provided in Sections 
130 and following. 

It is believed that the foregoing outline of a portion of the Act indi- 
cates the order of procedure intended to be followed. In our opinion it 
was not intended that the Board should hear any contests during the 
time of the taking of testimony, under Sections 106 and following. All 
the evidence in the different counties should first be taken, and after this 
has been done, all the evidence should be placed on inspection, at such 
place, or places, and for such time as shall be necessary to permit any 
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one interested to examine the same. The language of Section 111 in- 
dicates that the evidence to be placed on inspection is all of the evi- 
. dence^taken in all of the counties. One purpose of this provision of the 
law, and perhaps the primary purpoBe, is that the water claimants may 
have full opportunity to examine all of the evidence as to all the claims 
on the stream, in order to determine whether they desire to contest any 
such claims. A claimant might, after examining all of the evidence 
taken in the county in which his land is situated, determine that he 
should contest some claim in such county, but after examining the evi- 
dence, taken in adjoining counties, he might determine that such contest 
would avail him nothing, or he might determine that he ought to con- 
test not only some claim or claims in his own county, but also, at the 
same time some claim or claims in other counties. The stipulation in 
Section 114, that all contests shall be filed within thirty days after the 
expiration of the period of public inspection, clearly indicates, that no 
contest should be filed and certainly that no contest should be heard until 
the taking of all the testimony has been completed, and the evidence 
placed on public inspection. 

It is clear also from Sections 116 and 118 that all contests shall be 
heard ami considered by the Board, before the entry of the final order 
of adjudication under Section 118. This is indicated by the language 
of Section 116 to the effect that after the expiration of the period for 
inspection, the evidence taken in the original hearings, as well as the 
evidence taken in all contests, shall be transmitted to the Board and by 
the language of Section 118, to the effect that after the compilation of 
the data, and the filing of the evidence, the Board shall make a final ■ 
adjudication. The making of its findings of facts and entry of its order, 
is the final action by the Board in the adjudication of the water rights, 
and in such findings, and in such order, all the rights of the different 
claimants and all of the contests should be included and determined. 

We, therefore, advise, you, in response to your first question, that 
contests should be filed and considered subsequent to the taking of all 
the testimony relating to all the rights on the stream and after the 
evidence has been placed on inspection, and that such contests should ■ 
be filed and heard, before the entry of the final order of determination 
provided for in Section 118. 

In your letter of January 24, and in another letter of January 25, you 
desire to be advised as to the method of collecting the expenditures and 
costs referred to in Sections 112 and 113 and in others sections of the Act. 

An examination of the whole of the Act, which relates to the adjudica- 
tion of water rights, shows that a great many expenses are necessarily in- 
curred in the course of the procedure outlined for such adjudication. 
Section 112 directB that most, if not all, of such expenses, shall be paid 
out of a fund created for that purpose, and for which the Legislature 
shall make an appropriation. Section 113 directs that any money ex- 
pended in accordance with Section 112 "shall be charged as costs in the 
proceedings creating the necessity for its expenditure" and that upon 
collection thereof such sums shall be deposited with the State Treasurer. 
No method is provided, however, for the collection of such costs; and 
after an examination of the whole Act, we have concluded that there is 
l which the Board can enforce the payment of such costs. 
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The machinery for the adjudication of all the water rights, on any stream 
and its tributaries, may be put in motion on the petition of any one or 
more claimants, but such person is not required to give security for costs. 

It cannot be reasonably concluded that it was the intention of the 
Legislature that the person filing such petition should be legally liable 
for all the expenses and costs incident to the adjudication, for the rights 
of very many persons are determined and the adjudication benefits them 
as much as it benefits the petitioner and is also beneficial to the general 
public. The Board is not given the authority to apportion the expenses 
and co&tB among the different persons whose rights are measured and 
determined, nor is a contestant under Section 114, required to give any 
security for the costs growing out of his contest. 1 It iB not provided 
that he shall pay the costs, if he loses his contest, or that the person 
or persons whose rights are contested shall pay the costs of a successful 
contest. 

The cost bond required to be given under Section 121 by any person 
appealing from the final adjudication of the Board, is not given to se- 
cure the payment of the costs and expenses theretofore incurred in the 
hearings and adjudication by the Board, but apparently is intended only 
to secure the costs incident to the appeal and the proceedings following 
the appeal. It would not be reasonable to assume that the Legislature 
intended to make a person appealing from the Board's order liable, if 
unsuccessful, for all the costs incident to the hearing and determination 
by the Board. The law is very clearly defective. It was evidently in- 
tended that expenditures made under Section 112 should be charged 
as costs in the proceedings creating the necessity for the expenditure, 
and that such costB should be collected and paid into the Treasury, but 
because no method was provided for the collection it is our opinion that 
the greater part, if not all, of the expenses incurred in the hearings and 
determination by the' Board, must be paid out of the appropriation made 
by the Legislature and that such burden must be borne by the State until 
some adequate method is provided for the apportioning and collection 
of costs. 

We believe that because of the language of Section 113 and because 
of the broad power given the Board by Section 40 to make, promulgate 
and enforce rules, regulations and methods of procedure, in such in- 
stances, where the costs are clearly traceable to the persons responsible 
for the proceedings creating the necessity for their expenditure, and 
whose peculiar benefit the proceedings were had, the Board would be 
j'ustified in charging such costs to the person responsible- for the pro- 
ceeding. An unsuccessful contest would probably be an example of 
such case. However, there is no method by which the Board could 
compel the payment of such coBts so charged. 

We believe that the foregoing answers the several questions in your 
two letters. , T , , ■ 

Yours very truly, 

G. B. Smedley. 
Assistant Attorney General. 

This opinion has been passed upon, approved by this department in 
executive session, and is ordered recorded. _ _ .. 

B. F. Loonet, 
Attorney General. 
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delivery of stored water. 

During the biennium covered by this report, the Board of Water En- 
gineers has been of material assistance to the rice growers of the lower 
reaches of the Colorado River in assisting them after purchase in the 
delivery of stored water, for their necessities. The statute provides that 
any person who has stored water in a reservoir, may sell such water to 
any person having the right to use the water resources of Texas, and 
that the bed and banks of the stream may be used for its conveyance 
and delivery to the purchasers. During the summer of 1917 there was 
a great quantity of storm and flood water in Lake Austin behind the 
great cement dam that was constructed for the city, but which has not 
yet been accepted. This water was in the control of the court under 
a Federal Receivership and an order was entered that it be sold to the 
rice growers of Matagorda County, overtures having been made for its 
purchase. The release of the water from the dam was under the direc- 
tion of the Board of Water Engineers, and this State Department guarded 
its passage along the bed of the Colorado River, until it reached the 
purchasers in Matagorda County. There it waB given beneficial applica- 
tion to the rice fields, and saved an immense crop that was withering 
for lack of moisture caused by the unprecedented drouth. Similar 
conditions existed during the summer of 1918, and again the Board of 
Water Engineers directed the release and the delivery of the water, being 
asBi&ted in this work by the hydrographers of the United States Geological 
Survey, Austin District Office, cooperating with the State Department. 

BIG PROJECTS ARE ENCOURAGED. 

The existing statute that governs the Board of Water Engineers in 
its administration of the Water Resources of the State has a provision 
that invites individuals or an association of individuals to investigate 
large projects for the conservation of storm and flood waters. It pro- 
vides that any person, association, corporation or water improvement 
district, desiring to investigate the feasibility of an engineering project, 
contemplating the construction of a reservoir for the impounding and 
storing of 5000 acre-feet of water, or more, per annum, may file a declara- 
tion of such intention, satisfy the Board of Water Engineers that an 
adequate engineering force is available for the investigation and by the 
payment of a fee of $250.00, retain the priority right to such a project in 
the watershed designated, and at the point selected, for a period of twelve 
months from the date of filing. It is an invitation to men of means, 
or those who can secure underwritten capital, to go upon the rivers of 
this State and seek out the most available sites for dams and reservoirs, 
with a view to saving to the State great quantities of flood water that 
annually would pass beyond beneficial use. During the past year three 
such presentments have have been filed with the Board of Water En- 
gineers, as follows : 

Chas. A. Lindsey, et al., on the Frio River, in Uvalde County; E. F. 
Pumphrey and others, on the Pecos River, in Reeves County; A. J. 
Harty, on the Colorado River, in Matagorda and adjoining counties. 
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traveling expense account. 

The Board earnestly requests a close scrutiny of the expenditures by 
the Department for travel. The duties devolving upon the Department 
affect interests in every section' of the State. In some cases the matter 
at interest is but a small pumping plant owned by an individual. In 
other cases the matter at interest affects a large canal company serving 
hundreds and hundreds of farmers who are dependent upon the company 
for the moisture that will make the crops, and rely upon the representa- 
tives of the State to protect them against discrimination in charges and 
in regulations. While the Board endeavors, as far as practicable, to 
hear all complaints at the office of the Department in the Capitol, there 
are times when such intricate questions are involved, and the number 
of witnesses called, renders it necessary for the members of the Board 
to sit in the county where the controversy exists, bo as to make a physical 
inspection and come in contact with the many individuals who are in- 
terested, at the minimum expense to the general public. 

Through its cooperation with the United States Geological Survey, 
the Board has at its disposal for stream measurement work, a staff of 
hydrographic engineers. To do their work properly, and to correctly 
survey the streams, these engineers must travel to the several places se- 
lected for observation. 

Through its cooperative agreement with the United States Department 
of Agriculture, the Board has the services of a Senior Irrigation En- 
gineer from that Department, who is in charge of the experimental work 
in connection with the measurement of the duty of water in irrigation. 
He must of necessity visit the several stations to oversee the operations. 

In all of this travel, the Board is careful to safeguard the interests 
of the State, and to properly expend the trust funds that are available. 

The Board has in its service three Ford cars. One of these is at the 
duty measurement farm station at Mercedes, in Hidalgo County. It 
was acquired originally through a rental agreement, and became the 
property of the Department by the payment of the upkeep and rental 
over a period of one year. 

Another Ford car is in use at the duty measurement farm station at 
Maedona. This ear became the property of the Department by an upkeep 
payment of a fixed amount, the original purchase price having been paid 
in the same manner as stated above. 

A third Ford car was purchased outright by State appropriation, and 
is used by members of the Board and by engineers of the United States 
Geological Survey, in the service of the Board. Inspections on streams 
cannot be made from railroad trains, nor can hydrographers make all 
their observation points by rail. The expense of a rented car from rail 
stations to points of inspection or observation is too heavy, and the Board 
feels that it is has solved a problem in making the investment in the car 
that serves this purpose. 

These ears are used only for official business. They do not cany in- 
dividuals on personal trips. A system of accounting with each car 
demonstrates the fact that this is the most economical way to transact 
the business of this Department. 

In addition to these, the Federal Government furnishes a Ford car for 
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the DiBtrict Engineer of the United States Geological Survey, who is 

in charge of the cooperative work. 

The Board invites an inspection of the cost statement of its transporta- 
tion facilities, being confident that the result will justify the expendi- 
tures. 

RATE CONTROVERSIES. 

The statute authorizes the Board of Water Engineers to determine 
the justness, of rates charged for service by irrigation companies, owners 
of canals, etc. Such a proceeding can he asked for by the individuals, 
corporations, associations or districts furnishing the water in the event 
it is set up that an inadequate rate is in effect, or it can' he asked for by 
the water users who believe that an excessive charge or an unjuBt regula- 
tion is laid against them. When such petitions are filed, the Board 
conducts a pub lie. hearing at the locus in quo, and renders judgment on 
the questions in controversy, as the law and the facts justify. Either 
party to the action, if not satisfied with the finding, has the right of 
appeal to the District Court. 

During the biennium covered by this report, such hearings have been 
conducted in the following cases: 

September 18-20, 19X6, J. G. Kiight et al. vs. Fort Stockton Irrigated 
Lands Company et al., at Fort Stockton. 

January 6, 1917, J. G. Knight et al. vs. Fort Stockton Irrigated Lands 
Company et al., argument held in the office of the Board. 

June 18, 1918, William Meyers et al. vs. Portemlle Irrigation Com- 
pany, hearing at Pecos, Texas. 

OTHEE CONTROVERSIES. 

There are many other controversies arising from time to time in the 
matter of irrigation, that are presented to this Department for adjudica- 
tion, and in order to render the best service, the Board hears each case 
in the county where the controversy arises. During the biennium covered 
by this report, these hearings have been held: 

February 6, 1917, at Dayton, Texas — W. H. Wiseman vs. Moore Bluff 
Corporation, petition to require defendant to supply water to the lands 
of plaintiff. 

September 10, 1917, at Carrizo Springs, Texas— K. B. & W. L. Ayres 
vs. The Nuecee Valley Irrigation Company, action brought by relators 
to require respondents to furnish water for the irrigation of their land. 

September 10, 1917, at Carrizo Springs, Texas — R. S. Howard vs. 
The Nueces Valley Irrigation Company, action brought by relator to 
require respondent to furnish water for his land. 

September 10, 1917, at Carrizo Springs, Texas — H. Masterson et al. 
vs. The Nueces Valley Irrigation Company, application of relator to re- 
quire respondent to furnish water, for his land. 

March 12, 1918, at Beaumont, Texas — Hearing held by the Board to 
determine water rights for R. G. Leach of China, Texas. 

May 14, 1918, at Balmorhea, Texas — Public hearing by the entire 
Board to determine the rights of Wm. Blakeslee vs. Beeves County Water 
Improvement District No. 1. 
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Evaporation land pan and evaporimeter 
at cooperativa station for the measurement 
of the duty of water in irrigation near MeT- 
cedes, Texas, maintained by the Boar^ of 
Water Engineers of Texas, the United States 
Department of Agriculture cooperating. 
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May 31, 1918, at Beaumont and Port Arthur, Texas — Public hearing 
to consider the salt water situation on the Heches River. 

June 5, 1918, at Cotulla, Texas — Inspection by the entire Board of 
conditions along the Nueces in contest of A. A. Simpson vs. M. A. Purnell 
et al., upon which depended permit applied for by the Purnells. 

COMPLAINTS. 

During the biennium covered by this report the Board has been called 
upon frequently by communities and towns to investigate conditions 
caused by the unprecedented drouth, along numerous streams in this 
State, in order that the localities complaining could get a supply of 
water for domestic purpoees _ and for livestock. 

Upon petition of the people of Paint Rock April 1, 1918, the Board 
required all owners of dams, above the town of Paint Rock, to permit 
the jin interrupted normal flow of the Concho River for a stated period, 
so that the residents at Paint Rock would have a supply for domestic 
purposes. 

Under the petition of the Commissioners Court of Menard County, 
Texas, July 25, 1918, the members of the Board made a personal inspec- 
tion of the San Saba River and orders were issued from time to time 
governing and controlling the diversion plants along said stream in 
order.to provide a sufficient normal flow at Menard for the people of that 
county. 

Under the petition of the Comfort Business Men's Club, July 24, 
1918, a member of the Board made an inspection of the Guadalupe River 
in Kendall and Kerr Counties. The result of this inspection was an 
order by the Board requiring diversion plants to close for certain periods 
of time in order to provide a sufficient supply- for the domestic nse of 
the people of the town of Comfort. 

On petition of those engaged in livestock raising in MeCulloch County, 
July 25, 1918, the Board required diversion plants on the San Saba 
River, in Menard and MeCulloch Counties, to cease operations during . 
certain periods in order to provide a sufficient flow for livestock purposes 
in MeCulloch County. 

On August 2, 1918, an appeal reached the Board from the people of 
Llano relating a distressing condition of affairs because the low waters 
in the Llano River made it impossible for the local water plant to serve 
the citizenship. Careful observation was made on this river during a 
period of two weeks. Mr. W. T. Potter, Chairman of the Board, first 
made a personal inspection and as a result diversion plants above the 
town of Llano, in Llano, Mason and Kimble Counties were required to 
close for a period of four days. This did not bring the relief, and a 
second inspection was made by Mr. John A. Morris, and the period of 
time during which these diversion plants were to cease operations was 
extended. It appearing during this period of time that relief would 
not come to Llano, a third inspection was made by Mr. Norris and Mr. 
C. S. Clark of the Board, and Mr. Glenn A. Gray, District Engineer, 
United States Geological Survey, cooperating. It was determined by 
this inspection that the unusual conditions of seepage, evaporation, 
lengthy meanders of the dry bed of the stream, absorbed the normal 
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flow so rapidly that it could not reach Llano in sufficient quantity to 
give relief, and to prevent waste of water that could he put to beneficial 
use the irrigation plants were allowed to resume. The Board's observa- 
tion at this time resulted in a valuable contribution to the records of 
the Department. 

On August 8, 1918, residents along Spring Creek, in Tom Green 
County, appealed to the Board for relief in order that they might have 
water for domestic purposes and stockraising, and to provide this, after 
a personal inspection, the Board required diversion plants in Irion and 
Tom Green Counties to cease operations "in order to relieve the citizens 
near that stream. 

FREQUENT INSPECTIONS ABE MADE. 

In order that the Board of Water Engineers may be informed of the 
available supply of water in any stream in the State, to the end that 
privileges for diversion shall be withheld, if those who have complied 
with the law have appropriated the normal flow, frequent inspections of 
the streams are made. By its cooperative agreement with the United 
States Geological Survey, fully explained also in this report, daily re- 
ports are made of the stream-flow in the rivers of Texas, and periodical 
measurements are made by hydrographic engineers from the Austin 
district office. In addition to this the members of the Board make per- 
sonal inspections, visit the diversion plants, confer with appropriate- rs, 
and determine the exact conditions. The information developed by 
these inspections, is detailed in written reports that are filed in the 
records of the Department, and are valuable in many ways in the work 
of the Department. During the past biennium, inspections of this kind 
were made as follows: ■ 

September 3 to 9, 1916 — J. C. Nagle in the Rio Grande Valley. 

September 11 to 14, 1916 — J. C. Nagle to Meridian for an inspection 
of the Bosque. 

August 20 to 28, 1916— John Wilson in the Pecos Valley. 

January 7 to 10, 1917— J. C. Nagle and E. B. Gore on the lower 
Guadalupe as far as Cuero. 

January 10 to 14, 1917— E. B. Gore and John Wilson in the Pecos 
Valley. 

February 26 to March 5, 1917— E. B. Gore and John Wilson to Rio 
Grande Valley. 

March 22 to 25, 1917 — J. C. Nagle to Lampasas River and Upper 
Colorado. 

March 27 to 31, 1917— J. C. Nagle and W. T. Potter, inspection of 
the Rio Grande from Presidio up its meanderings 25 miles. 

April 5 to 9, 1917 — J. C. Nagle, inspection of the Lower Colorado in 
the vicinity of Wharton and Bay City. 

April 12 to 15, 1917 — W. T. Potter, inspection of Nueces from Crystal 
City to Cotulla. 

April 17 to 29, 1917 — John Wilson in the Pecos Valley, including Fort 
Stockton and Grand Falls. 

May 1 to 8, 1917 — John Wilson and E. B. Gore on inspection of the 
Concho and the Palo Dura Canyon. 
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May 30 to June 4, 1917 — E. B. Gore, inspection of the Upper Guada- 
lupe in the vicinity of Kerrville and the Llano in the vicinity of Junction. 

June 21 to 24, 1917— J. C. Nagle, John Wilson and E. B. Gore, in- 
spection of Nueces in the vicinity of Corpus Christi, to determine feasi- 
bility of a reservoir in Nueces Bay. 

June 24 to 30, 1917 — E. B. Gore, inspection trip to the Lower Bio 
Grande Valley. 

July 12 to 15, 1917 — J. C. Nagle, inspection of Nueces in the vicinity 
of Fowlerton and Three Rivers. 

July 10 to 23, 1917 — John Wilson, inspection of the Pecos and Tipper 
Rio Grande Valleys. 

August 13 to 17, 1917— J. C. Nagle, E. B. Gore and John Wilson, in- 
spection of Lower Colorado in detail. 

August 29 and 30, 1917 — J. C. Nagle, inspection trip of the San 
Antonio and San Marcos Rivers. 

September 24 to 29, 1917— John Wilson and E. B. Gore on Red River 
near Childress, the purpose being to suggest water Bupply for the town 
of Childress. 

December 3 to 11, 1917— W. T. Potter and R. J. Windrow, inspection 
of the entire Pecos Valley and Upper Rio Grande Valley. 

December 20 to 21, 1917 — R. J. Windrow, inspection of the Neches 
at Beaumont. 

January 8 to 13, 1918— W. T. Potter, R. J. Windrow and C. S. Clark, 
inspection in Lower Rio Grande Valley. 

February 19 to 25, 1918 — C. S. Clark to Plainview and intermediate 
points. 

March 6 to 7, 1918— T. R. Spence, inspection of San Gabriel in Wil- 
liamson County. 

■ March 22 to 23, 1918 — T. R. Spence, inspection of the Nueces River 
in Uvalde and Edwards Counties. 

March 25, 1918 — T. R. Spence, inspection of San Antonio River in 
Bexar County. 

April 16 to 19, 1918 — W. T. Potter, inspection of Colorado River at 
El Campo. 

April 30 to May 2, 1918— W. T. Potter and Charles S. Clark, inspec- 
tion of Upper Guadalupe in the vicinity of Comfort. 

May 3 to 5, 1918 — R. J. Windrow and Charles S. Clark, inspection of 
Brazos River from College Station to Waco. 

May 7 to 10, 1918— W. T. Potter, inspection of the Neches and 
Taylor's Bayou near Beaumont. 

May 7 to 12, 1918— Charles S. Clark, inspection in Rio Grande Valley. 

May 21 to 23, 1918 — Charles S. Clark, inspection in the vicinity of 
Brownwood in conference with municipal authorities looking for reser- 
voir site. ■ 

May 21 to 23, 1918 — John A. Norris, inspection of Lower Colorado 
Valley. 

May 30 to 31, 1918— W. T. Potter, John A. Norris and Charles S. 
Clark, inspection at Beaumont and Port Arthur in connection with salt 
water situation. 

July 18 to 19, 1918— W. T. Potter, John A. Norris and Charles S. 
Clark, inspection in Pecos Valley from Pecos to Red Bluff. 
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Dam of D. E. Sims at Paint Rock, Texas, 
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July 21 to 25, 1918— W. T. Potter, inspection of San Saba at Menard. 
July 26 to August 2, 1918 — Inspection by John A. Nome at El-Campo 
and vicinity. 

August 3 and 4, 1918 — W. T. Potter, inspection on Llano. 
August 5 to 7, 1918 — Charles S. Clark, inspection at Comfort and 
Boerne at request of Chamber of Commerce. 

August 7 to 9, 1918 — John A. Norris on inspection at Llano and 
Junction. 

August 8 to 15, 1918 — Charles S. Clark, inspection on the Concho 
River and Dove Creek. 

August 21 to 23, 1918— Charles S. Clark and John A. Norris at Llano 
and Junction, 

August 26 to 28, 1918 — Charles S. Clark and John A. Norris on in- 
spection trip to Medina River below Medina dam. 

RECOMMENDATIONS FOR APPRO rRI AT IONS FOR THE FISCAL YEARS ENDING 
AUGUST 31, 1920, AND AUGUST 31, 1921. 

The Board, impelled by a deep sense of duty to the general public, 
finds it necessary in order to continue the work, already projected by 
this Department, and to extend the Department's activities to other 
phases of its work contemplated by the statute, and more fully discussed 
hereinbefore, requests that the sums named below be appropriated for 
the purpose's stated. 



For Board of Water Engineers. 


For the Year Ending. 


Aug. 31, 1920 


Aug. 31, 1921 


Salaries of three members of Board at 13. 600.00 each 


J 10,800 00 
2,500 00 
2,400 00 
1.800 00 

1,500 00 
6.000 00 

500 00 

25,000 00 

15,000 00 

10,000 00 

25.000 00 


J 10,800 00 




2,400 00 




Books, stationery, instruments, postage, telephone. tele- 




Traveling expenses of Members 'A Hoard and emiilnyns ...... 


6,000 00 


Stream measurements. Including traveling expenses of 

Measurement of the Duty of Water in Irrigation, mi [u,lin» 
the traveling expenses of assistants and publication of 


25,000 00 


Investigation of storage reservoir and dam sites, including 
traveling expenses of assistants, making cost estimates 

anrl iHiblicatiomif results 

Adjudication and determination of eiisting water rights, 
including salaries and expenses of necesary employes 
making seepage measurements of streams, and the in- 
stallation and operation of necessary measuring devices 


10.000 00 








t 100,500 00 









In justification of the Board's expressed judgment in making a re- 
quest for an increased appropriation above that made for previous years, 
the Board respectfully calls vour attention to the fact that the requested 
increase in the salary of the Secretary from $2250.00 to $2500.00 per 
annum, is entirely justified both from the standpoint of efficiency and 
worth of the present Secretary to the Department and the State, and 
such increase, in all good conscience, should be allowed. 

The additional work incident to the statutory adjudication and de- 
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termination of water rights has more than doubled the work in the office, 
and has necessitated the employment of a draftsman and an additional 
stenographer. These are absolutely necessary, and during the past year 
their salaries have been paid out of the fund appropriated to carry on 
the work of determining water rights. This appropriation is already 
too meager, hence, it is the opinion of the Board that these two places 
be provided for separate and apart from the appropriation for the de- 
termination of water rights. 

The appropriations for office supplies; for traveling expenses; for 
stream measurement, and the measurement of the duty of water in irri- 
gation are not larger than was embraced in the recommendation for 
appropriations made by this Department to the Thirty-fifth Legislature; 
while the item for contingent expense in this recommendation is smaller 
than that heretofore requested. 

The importance of the work of the investigation of storage reservoirs 
and dam sites has been stressed in another part of this report. No ap- 
propriation has ever been made to even institute this important phase 
of the work of the Board. We believe this work has been too long de- 
layed. It should begin now. It must begin now. The appropriation 
requested is the smallest amount that would warrant the undertaking. 
A lesser amount would be a waste, because inadequate. 

A request is made for the sum of $25,000.00 for each of the two fiscal 
years, to be used in prosecuting the work of adjudicating water rights. 
In carrying on this work it is necessary to take all available pertinent 
testimony, to make. stream and land surveys, make and chart complete 
seepage and evaporation measurements of the entire stream or streams, 
as well as of all the important canals in the watershed under investiga- 
tion ; to purchase instruments for measuring the canal flow as well as 
the evaporation, and install and observe same, at least through one entire 
irrigation season; to prepare a map for the entire stream, sectionized 
by counties, together with sundry detail work, which we cannot under- 
take to fully set out in this brief report. We are never able to tell, with 
a degree of accuracy, how many streams in the State will be subject to 
adjudication investigation in any one year. The amount requested may 
be more than would be necessary. It might be much less than the sum 
necessary. If appropriated, and no demand made necessitating its ex- 
penditure, it would revert to general revenue. The Board is absolutely 
certain that the item of $10,000.00 appropriated for this work for the 
year ending August 31, 1919, is grossly inadequate to a successful and 
expeditious solution of the water right problems on the Colorado Biver 
and its tributaries. 

TABULATED STATEMENT OF APPLICATIONS FOR PERMITS AND THE BOARD'S 
ACTION THEREON. 

Table No. 1 gives in tabulated form, the principal data pertaining to 
all applications for permits to appropriate public water during the two 
fiscal years endinging August 31, 1917 and 1918. 
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TYPICAL COUNTY MAP. 

Attached hereto is a map which evidences the type of sectional 
county maps which are in process of preparation in connection with 
those watersheds in which the problem of adjudicating and determining 
all water rights is being worked out. 

FINANCIAL STATEMENT. 

For the fiscal years ending August 31, 1917, and 1918, the legislative 
appropriations for the conduct of the work of the Board of Water En- 
gineers were as follows : 

LEGISLATIVE APPBOFRIATIONS. 



For the Year Ending 



Aug. 31, 1917 Aug. 31. 1918 



Salaries of Mem ben 

Salary of secretary . 
Salary of stenograph! 



__. atationftiv. vi;u>nf. 

Traveling expenses of 

Contingent ex pp uses 



members uf I lie Board and employes . 



Duty measurements in irnmlK 
Determination of water right* 

Total 



I'l.MUlJ ■■■• 
2..HMI ■:.! 

] ■/(, . I 1 

1 .Om im 

-l.'JOO (HI 

200 00 

I ...-.„, -i 



0,800 00 
2.250 00 
1,200 00 
1.000 00 
3.000 00 
200 00 
0.000 00 



RECEIPTS FKOM FEES. 





For the Year Ending. 




Ang. 31. 1917 


Aug 


31. 1B1B 


Fro lieat) f 


f 1 .249 31 

SO IX 


t 6.408 38 


From filing and reconliug fees 










105 75 
100 00 




From fees preliminary to four rule bearings 




























f 1 ,514 OS 


t 









SALARIES FOB THE YEAR ENDING 



Date. 


Paye, 


Appropriation. 


Expenditure. 


Sept 1 1S1B 


Salaries of Board Member, 


a 10.800 00 
2.000 00 
1,200 00 








$ 10,800 00 


























Total 






I 14,000 00 
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Price current meters used in discharge measurements on streams of Texas t 
the Board of Water Engineers of Texas, United States Geological Survey & 
operating. (Illustration by courtesy United States Geological Survey.) 



Type of gaging station maintained on Texas streams by Board of Water En- 
gineers of Texas, United States Geological Survey cooperating. In the left fore- 
ground is the housing for automatic water stage recorder. In the distance across 
the stream is the cable and car from which discharge measurements are taken 
with current meter. (Illustration by courtesy United States Geological Survey.) 
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- 


E^ndi,™. 


Appropriation. 






f I. 000 00 


































































!ry 


11 46 








35 53 

50 25 
7 50 






■; 


25 00 
63 19 






ry 


40 85 

11 tit 
7 55 
9 41 

44 20 

7 50 

5 30 

238 35 

46 97 
4 45 

35 43 






$ 1.000 00 











Date. 


Payee. 


Expenditures. 


Appropriation. 


1916 


Le islative appropriation 






Sept. ^ 

s«pt! S 

Sept! 2f> 




t 51 80 
55 35 

60 30 

61 05 
93 55 
61 95 

110 30 
96 45 
9 55 

39 50 

52 80 

50 15 

47 25 

54 35 
52 20 

38 94 
20 25 

19 20 

20 10 
20 30 

9 7C 
43 35 
46 31 
23 75 
45 ill) 
i5 50 
16 30 




E. B. Gore, trio to Ft. Si-r-i-.. nu- heanoa . 
I.hr, a ,r...n mj.i.ii i- i .-.<, i .. f.-« r.o* 
W. T. Potter, trip to Ft. SI... kf n. c«te hearing 
J. C. Nagle, trip to Ft. Si- klon n-<\ Meridian. 






















Dec. 7 


W. T. Potter, trip to San Angelo and intermediate 




Dec. 8 


John Wilson, trip to San Angelo and mtermediate 




Dee. 8 


E. B. Gore, trip to San Angel., and intermediate 




Dee. 9 


J. C. Nagle, trip to San Argek. and intermedial* 




1917 


John Wilson January r-% 
















Feb. 7 


W. T, Potter, trip to Hoiist. .. 1 ■ ■.: 




















































April 18 


iV. T. Potter, trip to Cry-.!;.. (Luv hi. .J tLutnlla 
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Rufna C. Thaxton. trip lo Bay City 

J. C. Nanle, April expenie account 

John Wilson, April expense account 

W. T. Potter, trip to Houstoo 

J. C. Nagle, trip to Houston 

E. B. Gore, trips to Houstoo aod Aroanlio . 



Rufus C. Thaxton, trip lo Pecos Valley 

RusselJ. Hank, Ma- .... K. 

Victor Lieb May ej 



John Wilson, Jun 



July : 
July : 

July ' 



ibyrlruBTepher) 
ydrograpber; 
n't lb:. ■■ R ' 



otlalallen and Three Rivers 
anwood and San Saba . 



II J. Hank. June expense a< 
■^rancinco. June expen w a<-r 
agb> June expense i 
;. Thaxton. June ei 
ore, trip to Rio Gn 

L Gray, trip to Per . 

O. Francisco, trip to lindsepori end lolertnediale 

J. C. N*gle.'trip toNuecte Valley. . 

" — ill J. Hank, trip to Ft Stockton and intar- 



o C ubto (hydrosraphFr) 
to .N*;. \^i)elo. 



to Hraros and Nueces Valleys 

ills'""' '. , . 



o :' --":■ V alley. ,....,., 
i C.olumbos and I.nlmg 

a San' Antonio, New Bra 

n Antonio and Sun Marc 



34 75 

25 8!> 



97 55 
15 20 

24 35 



CONTINGENT EXPENSES FOR THE YEAH ENDING AUGUST SI. 1917. 



Oct. 23 

Not. 10 
Nov. 20 
Dec. 9 
Dec. 11 



— „. H. Milr.fr (janitor). . . 

10 Kunthw. ■■.ti.-ra Tel. and Tel Co 

""O. H. i\: I ■ 

Southwestern Tel. and Tel. Co 

Ed Fuller (lanitor) 

Southwestern Tel. and Tel. Co 
Ed Fuller 



Lone 



r I" Co 



Ed Fuller 

Southwestern Tel. and Tel. Co 

Western Union Telegraph Co 

Ed Fuller 

Lone Star Ire Co 

Southwesier:j Tel and Tel. Co. . 
"'■■** — Union. Telegraph Co.. 



K 00 

i oo 

K 00 

I (Hi 
t 45 
8 00 

i 15 
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CONTINGENT EXPENSES FOB THE TEAR ENDING AUGUST II, 10 17 -Continued. 



Date. 


p„,,. 


E,«„di,™. 


Appropriation. 


1917 

J 11 DP 2( 


Ed Fuller 


I 8 00 

1 56 

4 00 

5 00 

4 00 
1 23 

10 00 

5 20 
5 72 
5 30 
7 80 




























Aug. 20 










Aug. 1(1 


Western I..IUOD Tc . ,;.-.-i .. ■'. ■ 




















t 200 00 









STREAM MEASUREMENTS FOB THE YEAR ENDING 



Appropriation. 



Legislative anpropriatjuo . 

Walter Tips Co.. supples. . 

Leupold. Voelpel A Co . hhu* supplies. 
Wm. Keasler. expense account 

Russell J. Hank, expense account 

"■■'■■a C. Thai ton, salary .' ..: .SrptcriiU.- 

i A. Gray, salary lor September 

KesaLer, aalarvfi:: S^itember . 

ill J. Hank, salary lur September 

r Lieb, salary for September. 

J. O. Buaas & Sons. Hut.*' equipment . 

;ll J. Hank, expense: account . . . . 

r Lieb, expense arrount 

Wm. Kessler. expense account 

Gage readers accounts (<>r in-mrm 'IK. 



Wm. Keasler, salary for f Irtutwt . 
Russell J, Hank, salary ?or October 
Victor Lieb, salary for October 



/J&vembw'iOth to 10th a 



Victor Lieb. salary for November . 
Victor Lieb, expenaa account. 
Russell J. Hank, expense account 
Ruins C. Thayton, salary foi ". ■•■: 
Rufus C. Thaxlon, expense, u ■!!■ ' 
Glenn A. Grav, expense acco -. ; ' 
Misa Dorothy Hill, services as . 
Rufus C. Thaxton, salary for t. 
Russell J. Hank, salary for Drr 



age reader 2 mont bs 



W. t 

Gage readers ai 

m. Kessler. expense account 
_.jssell J. Hank, expense account . 
J. F. Jeffreys, service as gage reader 
__|Glenn A. Gray, salary for January 
20lHussell J. Hank, salary for January 
20 [Victor Lieb, salary for January 
20 Victor Lieb. expense account 

22 Rufus C. Thaxton. salary for Ja.-ua.-y 

23 Wm. Keaaler, expense account 
2iRufus C. Thaxton, expense account 

2 Gage readers, account for lervices ;2) 
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stream measurements for the year ending august 31, 1917— conti 
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Report op Boahd op Water Engineers. 
duty measurements for the tear ending august i 



3W.L Rockwell, 



II, expen 
ill, Merc 



April 16 
April 26 
May 30 



1, Merited™ etation 



4 December. 1916, payroll. Mercedes at 
8W.L Rockwell, expense acencnt 

.. . _. ..ockwell. expense arcounl . . . 
.6 February pay roll. Mercedes station 
' ■"'-'■ "1. Merced™ «ttt.on 



a (part moo I hi . 



W. L^rfockwell, «. . . 

April pay roll, Mercedes station (part month) . 

May pay roll, Mercedes str " - 

W. L. Rockwell, expease ai 

July pay roll, Mercedes elation 
W. L. Rockwell, expense accuunl 
August pay roll, Mercedea stetuu 
W. L. Rockwell, expense accuuot 

Total 



SALARIES rOR THE YEAR 



Expenditures. Appropriation. 



Amount expended. i 9,600 00 

Amount expended '.'.'..'.. 1,893 75 

I ary of Stenographer 

Amount expended 1,200 00 

Total expenditures 

By balance to general revenue 

Total 



10.800 00 
2,250 00 
1,200 00 



varying periods of time, and during such times the salary items were n 



Expenditures. Appropriation. 



rn Tefand Taj." Co.', 



ionthwestern Tel. ai 

Art Metal Construction lo„ steei riling cases 

Merchants Transfer Co., drayage 

Tobio's Book Store, stationery and supplies 

E. L. Sleek, printing and supplies . 

",. L. Steck, fixtures 

southwestern Tel. and Tel. Co., December , 

Tobin's Book Store, office supplies 

W. T. Potter, postoffice box rent and blue print. . 
WesteCT Union Telegraph Co., sundry telegrams. . 
Southwestern Tel, and Tel. Co., January 



■I] Telegraph Co., sundry telegran 



13(1 17 
4 50 
34 39 
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. Mackey Telegraph Co., sundrv t 'If Bra tit 
Underwood Typewriter Cn repm:>nM ty 
. Southwestern Tel. and Tel C . T-V:.r ua r 



^riran Multigraph Cr huiitiirrbph ;;.■!":. s 

___in"sBook Store, otiic <k ...ca ... 

Southwestern Tel. and Tel. Co.. March . 
Western Union Telegraph Co.. sondiy li' 
Student Supply Store, instnimi ' 



April 21 

April 24 
April 30 
May 3 

Mav 22 

Mav 30 



Student Supply Store, instruments 
Tobin's Book Stare, office suppl.es 
E. L. Steck, printing. . 



Tobin's Book Stor 
- M Hays Quar 



July -a: 



I. ii..i: nit ( u r postage 



. _ jre, office supplier 

S South western Tel. and Tel i ... . June 

.0 Western Union Telegraph O. . "mdry irlriirx" s 
5 Typewriter Sales Co., exchange ou typewriters . . 
. _ . 5 Toting Book Store, offic>- •■: 
.Inly .'i Western Union TeleKrup ■ I . -o^drv telegrams . 
'-'- 8 Southwestern Tel. and T.I i..;, July .... 

15 Tobin's Book Store, office supplies 

" "' ii Union Telegraph <:. . .n ■■■; -. !■■'■ x< •■ ■ 
western Tel. and Tel r: . Aun:.l 

. an Railway ExpriM ( . n,nv;- -hjrj/n 

11 Tobin's Book Store, one \-.iv 

11 Southwestern Tel. and Tel Co AuRDsl ... . 

(1 Tobln'i Hook Store. office supplies 



rotal.. 



Appropriation. 




FOB THE TEAR 



1 Legislative appropriati 



Expend! Lures. Appropriation. 



.. 12 Serii 

L J. Windrow, sundry trips sluv 

V.T. Potter, trip to Bay City Wharton, Columbus 

La Grange and Bastrop, taking proof of claims, 

February 1st to 21st 

;. S. Clark, sundry trips shown in 
1. J. Windrow, sundry '^-- L ■— 
amea Hays Queries, tr 



March 4th to 21sl 



..ip to Burnett and Llano. . . . 

Williamson county 

an Saba, Brady. Menard, June 
- J '-'-ing proof of claim 



I. T. Potter, sundry trips, shown in voucher 

J. T. Potter, trip to Ballinger, Paint Rock. San 
Angelo and Robert Lee, taking proof of claims, 
March 31st to April 15th 
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Expenditures. Appro 



May IS 
May IK 
May 20 



July lb 
Jr.lv 21) 
July 25 



R. J. Windrow, trip to San Angelo, Sherwood, Ster- 
" " " ado City, taking proof of claims, 

to El Campo.V.. '...'.'.', '.'..'.'.'.'.'. 

Colen-.an. H i Imiirr San Aniirli:. 

Socora. '.aiine iironl ..f ■ itinis. 

■April 17 

to Comfort 

I trip. shown in voucher 

, 6 S- -II- II""" 

a, trip to San Antonio. . 

to Beaumont 

PS to (.sil.esf Slatinn and Pecos 

to Pecos and El Paso 

ts, trip to Peros and Kl Paso 
i Pecos. El Paso and Bio Grande 

*,'6 Scrip Books . 

i to Bio Grande Valley 
BroB.as.iBid and San Antonio 

is, trip to Bio Grand. V. f :in 
toll-aumooland Cotulla 
to Beaumont and C.iuCi 
Beaumont and Cotulla . ., 

a, trip to Cotutla 

balacrc .hi Scr.p lt.>uii. ej-hauned 

less f ■•.:. . . 

;o., 6 Scrip Books 'fro-operative 

Glenn A Cray, expense account. . . 

James Hays Queries, tnp io Sao Aolonio 

C. S. Clark, trip I.. Cn ... IWaco . 

C. S. Clark, trip to Pec* »nd II l*««o - 

W.T. Potter, trip tn IV. . :...-! ;.' [■■. ■ 

Jno. A. Norris, trip to IWus and El Paso 

Jno A. Norris, trip to Bay City a.-d K«Rle Lake 

C. S.Clark, trip to Bio Grande Vn.lcv 

Han Quark*. tripto Rio Grande Valley 
Ilark, trip to San Angelo and Intermediate 

W. T. Potter, trip to Llano and Beaumont 

C.S. Clark. trip to 1.1 a no and Mr .: ■ ■ !. 
Jno A. Nnrris, trip to Llano and Medina Vallcv 

Glenn A Gray, expense account 

" Congdon, expense account 

Total 



J„ 20 

.19 s:> 

22 20 

3 SB 

28 90 

17 20 
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h-.i KjIat. ja.iiK 

™ A HrU. jan— 

A Kill, jar 

P. A. Hill, Ian 

I. s:»r i<<- 

JainnHiivMJ 

P. A Kill. /an.... 

The Jordan Co . developing prints . 

Quarles. posloffice box rent 

Lone Sisr Ire Co. ... . . . 

'ordan Co . kodak supplies . 
Kill, janitor . 

Hal. /•»■•«- 



1 Supplies 

-..:.■■ ..-.(. espress 



UneSUr Irr Co 



incidental (applies . 



in 1 1 ■>(««;■ ;i flu . sir.dry telegrams 



fi Ui) 
8 00 
8 00 



ie vo 

8 00 

12 r>;s 



6 10 

■a ho 

35 54 



STREAM MEASUREMENTS FOR THE YEAR ENDING 



Date. 


Payee. 


Expenditures, 


Appropriation. 


1917 


Legislative a ro riatino 






Sept. 20 


Glenn A. Gray and D W Walsh, salaries for Sept 


I 259 17 

10 55 
165 90 
36 70 
12 60 

18 45 
238 81 
174 75 

41 00 
100 15 
65 55 
225 83 
65 95 
91 80 
10 00 

21 60 

29 27 

30 07 

8 94 
94 6f 

180 at 

22 27 
24 0C 

83 y, 

56 15 

188 33 

19 84 
6 93 

63 95 
18 80 
24 46 
121 10 

40 50 

9 27 




















































Oct. 1.1 
Oct. 2f 


Mac D. Dexter, ['. iV ' tt\u-.\»: ■• and attachment-. 
Glenn A. Gray and 1> R Walsh, vilanestnr Octohrr 










Ocl. 2t 
Nov. 23 


Mrs. U. E. Byers, 40 extra Maxe readings . . 
Leupold, Voelpel A Co.. materia j» and services 
































































Deo! 14 


Glenn A. Gray ami l> H W».,h, planes for Dec 
P. W. Huber. labor and mslenals 




























1918 
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S FOR THE YEAR ENDING AUGUST 11, 1918 — Continued. 



Appropriation. 



2 Leupold, Voelpel & Co., repairs for stage word" 

3 H. T. Dodd,hydr..j: ..:.»... jp: i i:ea 

5 Gage readers, accent- lor sr-v;ces (34) 

5 Glenn A. Gray, sala. . d.r Jui. ,..v 

8 E. I>. C.onHdon, ex;...-searr-..m'. . 

8 Leupold, Voelpel « Co . supplies . 

;& R. f. Hank, expense account . . 

:8 Glenn A. Gray, ex ■■ - »■ .-■■■ 

19 M. K. & T. Ry. Co . fi Scrip Bo..lin 

3 S. M. Newton, serv.ccs «i a»K- ■-•"Ic, 

3 Southland Lumber Co . material 

!3 Miss Dorothy Hill, servi.-e. .. g:.«e. observer 

3 M. K. A: T. Ry. C. . 6 Scrip Books 

3 E. P. Congdon. expf;.se arrounl 

3 R. J. Hank, expend arrounl 

2 3A. K. Gowans, expense account . 

a Glenn A. Gray and C K MrCash.n. salaries It 

February .... 

a Glenn A. Gray, ex ,<■■:. .- ., -, ■ 

6 Joe Kaplin. services ua ;nslal!Btion 

.6 Glenn A. Gray, C I: McC.j.ii, ind Dennis 

Walsh, salaries f..r March 

.6 Miss Dorothy Hill s»i. ..■■■. is jagt observer 

6 Glenn A. Gray, expense account. . . 

8 A. K. Gowans, expense account . . 
8 C. E. McCashin, expense account 

4 C. E. McCashin. expense account 

4 A. K. Gowans, expeuse account 

4 Gage observers, acs.-M. f-.r -crv.res (35) 

4 Glenn A. Gray, ex;.< r.-.' ..-. -.,.=1 

4 Win. Cameron * f.a . lumber etc 

4W, and L. E. Gnr ■■•.-. mii-maM stage recorder . 

4 Johnson Rubber C!o . suppl.es 

3 Glenn A. Gray and C. t. MeCasnin. salaries 

3 M. K. ft t! Ry! Co.. « Scrip Books '." '.'.'. 

3 H. T. Dodd, hydroHrarihir services 

■it Mis; Dorothy Hill ..-■ v , ..„ «« „ u *, it.servei 

a R. J. Hank, expend a,vi,um 

3 E. P. Congdon.expei.se account . 

3 J. O. BuasB&Sons. material* . . 

3 Walter Tips Co., rr.atenala 

3 A. K. Gowans. expense arrounl . . . 

7 Becker Lumber Co . material stage recorder instal 

7 T. S. Hill. labor a; I : :'■■:'. 

7 Johnson Hubber Co . suunus* 

7 Scott Yeomans. m*\ 

:1 Miss Dorothy kill.' .". v , P ,'"',"u a ge ..tserver. . 
il Glenn A. Gray. C K McCaabinTR. J. Hank. E P 

Congdon and A K * p-.&hns. sa.anes for May 
■I E. P. Congdon, ex;.. >. ;. ... ■ 
11 R.J. Hank, expen-e account . . 

■I C. E McCashin. s ., ■ .. ■■ ..t 

SA. K. Gowans, <- M .- . . ■ 

Johnson Rubber Cn . supplies 

E. P. Congdon, expense eecouol , 

:0 Miss Dorothy Hill, services as gage observer 

!0 E. P. Congdon, expense account , 

iO C. E. McCashin. expense amount 

iO Glenn A. Gray, C. I- M. r:.,.|,.n h I' Congdon and 

A. K. Gowans s ,. .r..-, ?.,- l.-r 

5 Gage observers, arioucta tor services (40) 
5 Leupold, Voelpel A Co . supplies . . . 

5 Johnson Rubber Co . supplies .. . 

5 H. T. Dodd, hydrography serv.res 

.0 R. G. Wilson, services gatie ..l.server 

:5C. E. McCashin, opensH ,r.,.jnl . 

in A. K. Gowans. exiic.se account 

!5 Miss Dorofhy Hill -..:.. ■ .■ ■■. ; -.wn« 
•5 Walsh..* Hurncv, .-■.■■ . ;.--,!er 

!5 R. J. Hank, expense ar count 

•5 Glenn A. Gray, R ' :(..n i r. M.C,,-:-.:, a X 
Gowansandl [• t....j.:.,n «,l„r.es r..r Juiy 

5 Johnson Rubber Co supplies 



55 65 
342 50 



^i 1:1 

37 70 
K2 NS 



17 10 
•M 74 
53 75 
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Date. 


Paye, 


Expenditures. 


Appropriation. 


1918 

And. 12 
Aug. 13 


G| A Gra r . ..., 


• 12 30 

7 15 
53 85 

460 16 
12 00 
17 05 

► 8 00 

35 96 

344 35 

7 00 












Aug. 20 

Aug. 20 

Aug. 21 
Aug. 20 
Aug. 29 
Aug. 2( 


Glenn A. Gray It I Hank. C. E McCasbin. E P 
Congdon uait \ K i...o.-ih. .iilnnM for August 
































I 10.000 00 


J 10,000 00 





DUTY MEASUREMENTS FOR THE YEAR ENDING AUGUST SI, 1918.] 



W. 1-. Rockwell, expense account . 

" lober pay roll, Mercedes slatiun 

L.Rockwe" ■-■ 



iy roll, Mereedei station 



I, Mercedes station 



Rockwell, expense acrnuot . , . 

y pay roll, Mercedes and Crystal City St 



Mercantile Co., et at. sundry accounts (or 

materials and supplies. Mercedes and Cryrtal 

City stations 

February pay roll, Mercedes and Crystal City sta- 



Mar. 22 
Mar. 23 

Mar, 30 
April 13 
April. 13 

April 29 

May 
May 

May 28 

June 12 



W. I 



Rockwi 



i for 



E. B. Taylor sundl. 

nuppliea, Mercedes and Crystal City stations. , 

jhpay roll, Mercedes and Crystal City stationi 

W. L. Rockwell, expense account 

tile Co.. sundry accounts for materials 

.._,.,...es, Mercedes and Crystal City station 

April nay roll, Mercedes. Crystal City and Plain- 



O liver 



jpp'lies, Mercedes and Crystal City 



I, Mercedes, Crystal City and Plain- 



ly Rt r ..._ __ 

Pegues Mercantile Co., et ^al., sundry 



materials and supplies. Crystal City station. 
June pay roll. Mercedes, Crystal City and Plain- 

Pegues Mercantile Co.. et al., sundry accounts, 
materials and supplies, Mercedes and Crystal 

V". L.'r&ckweU^expense'a'ccount '.'. ".'.'.'.'.'.'.'. '.'.'.'.','. 
uly pay roll, Mercedes, Crystal City and Plain- 
Olive? ™Cnadwick, 



ip plies, illercedes and Crystal City 



Auy. 2M 
Aug. 31 
Aug. 31 



. L. Rockwell, expense account 

Lgustpay roll, Mercedes and Plainview stations.. . 

. L. Rockwell, expense account 

Oliver & Cbadwick, et al., sundry accounts for mate- 
' * nd supplies, Mercedes and Crystal City 



lit? !)2 

43 08 

335 00 
111! '■! 
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